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transfer	 score,	 which	 can	 be	 used	 by	 practitioners	 in	 order	 to	 assess	 and	 later	
improve	their	organizations’	technology	transfer	capabilities	–	ultimately	aiming	to	
improve	 technology	 development	 as	 a	 whole.	 The	model	 was	 applied	 to	 a	 major	















constitutes	 a	 methodological	 novelty	 piloted	 and	 validated	 throughout	 the	
development	of	the	study.	The	fourth	chapter	details	the	model	development	process	



































look	at	my	research	 from	a	different,	 less	 technical	perspective,	which	has	greatly	
improved	 the	 final	 product.	 Dr.	 Elias	 Carayannis,	 although	 having	 joined	 the	 PhD	
Committee	at	a	later	stage	than	the	others,	has	influenced	me	tremendously	with	his	





who	 has	 helped	 me	 in	 the	 early	 stages	 of	 this	 research	 and	 through	 the	
comprehensive	exam.	
	 The	help	of	my	fellow	ETM	PhD	colleagues	has	been	paramount	to	my	success.	











































































































































































































































































































critical	 component	 of	 their	 businesses,	 regardless	 of	 the	 sector	 they	 compete	 in.	
Innovation,	in	turn,	can	be	translated	into	more	and	better	processes	and	products	–	
to	 minimize	 costs	 and	 to	 fulfill	 the	 ever-increasing	 and	 ever-more	 complex	
requirements	and	expectations	of	consumers.	Having	this	scenario	as	an	inescapable	
reality,	 research	 and	 development	 (R&D)	 activities	 have	 become	more	 and	 more	










is	 a	 very	 complex	 problem	 that	 involves	 multiple	 perspectives	 and	 disciplines	
[2][3][4].	 Notwithstanding	 being	 less	mentioned	 than	 other	managerial	 processes	






and	 solutions	 to	 the	market,	 faster	 and	more	 easily	 [5][6],	 [7].	 Having	 been	 once	
regarded	 as	 a	 one-time	 event	 to	 be	 carried	 out	 after	 a	 technology	 is	 completely	









High	 technology	and	 innovative	organizations,	however,	 tend	 to	 intensely	develop	
technologies	 internally	 [10]–[12].	Nevertheless,	 it	 is	 not	 easy	 to	 strategically	 align	
technological	 research	 with	 business	 applications	 [1],	 [13].	 The	 result	 of	 a	
misalignment	 between	 business	 strategy	 and	 technology	 development	 would	 be	
failed	products	and	financial	loss	to	the	organization.	In	a	2013	article	written	for	the	
website	 Techworld,	 Sophie	 Curtis	 argues	 that	 four	 in	 every	 five	 technologies	 fail	
before	hitting	the	market	[14].	According	to	Baruah	and	Ward	[15],	intrapreneurship	
projects,	 which	 are	 entrepreneurial	 dynamics	 within	 existing	 organizations	 to	
develop	 technologies	 and	 products,	 fail	 70%	 to	 90%	 of	 the	 time	 [16].	 This	
misalignment	 often	 times	 augments	 the	 chasm	 observed	 between	 technology	
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development	 and	 product	 development,	 or	 between	 product	 development	 and	
product	launch,	which	is	sometimes	referred	to	as	“the	valley	of	death”.	Especially	for	





	 In	 general	 terms,	 the	 objective	 of	 the	 proposed	 research	 is	 to	 develop	 a	
technology	transfer	score,	aiming	to	help	organizations	in	measuring	and	enhancing	
their	 internal	 technology	 transfer	 capabilities,	 ultimately	 leading	 to	 better	 R&D	
performance.	The	methodology	proposed	is	Action	Research	followed	by	Hierarchical	
Decision	 Modeling	 (HDM).	 This	 Multi-Criteria	 Decision-Making	 method	 makes	 it	
possible	 to	 identify	 crucial	 criteria	 and	 factors	 influencing	 an	 organization’s	 TT	





explanation	and	analysis	of	 technology	 transfer	as	a	 technology	control	process;	 a	
research	 gap	 analysis,	with	 research	objectives	 and	questions;	 research	 approach,	
with	 methodology,	 data	 collection,	 data	 analysis,	 and	 research	 framework;	 the	
research	model	 development,	with	 expert	 panels	 formation,	model	 validation	 and	












being	 conducted	 [9].	 Although	 there	 is	 a	 vast	 literature	 on	 technology	 transfer,	
hitherto	the	majority	of	studies	 investigate	external	technology	transfer	situations,	
leaving	 internal	 technology	 transfer	 somewhat	 unattended.	 As	 factors	 and	
characteristics	might	be	different	when	dealing	with	internal	TT	versus	dealing	with	
external	TT,	 organizations	might	 be	 looking	 at	 a	 too	broad	of	 an	 array	 of	models,	
criteria,	and	solutions.	This	might	lead	to	confusion	that,	in	turn,	becomes	more	of	a	
hindrance	than	a	help.		
	 Moreover,	 technology	 transfer	 is	 not	 entirely	 well	 understood	 and	
standardized	in	organizations	–	especially	internal	TT.	When	it	comes	to	identifying	
important	 factors	 for	 an	 effective	TT	process,	 and	measuring	methods	 in	order	 to	
provide	 organizations	 with	 TT	 situational	 awareness	 and	 suggestions	 for	
improvements,	there	is	no	study	or	model	comprehensive	enough.	There	is	a	lack	of	




The	 result	 of	 this	 situation,	 in	 part,	 is	 a	 difficulty	 in	 synchronizing	 research	 and	
development	with	business	applications	and	corporate	strategy,	and	also	an	increase	
in	 failed	 technologies,	 either	 before	 being	 commercialized	 or	 shortly	 after	 being	
brought	to	the	market.	
	 To	summarize	the	problem:	





















	 Technology	 transfer	 is	 a	 multidisciplinary	 effort,	 involving	 multiple	
perspectives	 that	 have	 to	 be	 taken	 into	 account	 simultaneously	 in	 order	 for	 the	
transfer	to	be	successful.	Technology	commercialization	planning,	for	instance,	is	not	
only	 composed	of	 scientific	 and	 technological	 development,	 but	 also	 encompasses	
other	 functions	 of	 an	 organization,	 e.g.,	 customer	 relationship	 management,	
marketing,	financial	management,	and	market	management	[20].	The	very	definition	
















	 In	 the	early	days	of	TT	 research,	Bar-Zakay	 stated	 that	 technology	 transfer	
happens	when	a	technology	generated	in	one	context	is	used	in	another	one	[2].	More	
recently,	 it	 was	 defined	 as	 bringing	 technical	 expertise	 from	 one	 organizational	
reality	to	another	[3].	Heinzl	et	al.	bring	the	concept	of	commercialization	onto	the	
scene	when	they	state	that	TT	is	the	“process	of	developing	practical	applications	for	
the	 results	 of	 scientific	 research”,	 and	 the	 “process	 of	moving	 technology	 from	an	
institution	 of	 science	 base	 to	 an	 industrial	 organization,	 which	 successfully	
commercializes	the	technology”	[22].	Also	focusing	on	commercialization	aspects	but	
including	a	 technology	diffusion	element,	Meseri	and	Maitai	 state	 that	 “technology	
transfer	is	a	complex	process,	involving	the	diffusion	of	basic	research	and	its	ultimate	
commercialization”	 [23].	Following	 the	 same	 line,	Rogers	et	al.	 argue	 that	 it	 is	 the	
movement	of	a	technology	from	a	research	organization	to	a	receiver.	The	process	is	
complete	when	the	transferred	technology	is	commercialized	and	sold	in	the	market	







	 Carayannis	 [27],	 while	 discussing	 previous	 relevant	 literature	 [28],	 [29],	
defines	 technology	 as	 a	 knowledge	 system,	 and	 asserts	 that	 this	 definition	would	
provide	 the	 basis	 for	 regarding	 technology	 transfer	 also	 in	 terms	 of	 information	
exchange	and	cognitive/linguistic	abilities.	With	that	in	mind,	the	author	moves	on	to	
link	technology	transfer	with	the	concept	of	technology	learning,	which	would	be	the	
cognitive	 ability	 that	 functions	 as	 a	 tool	 through	 which	 technology	 transfer	 is	
conducted	and	managed	[27].		
	 Another	building	block	of	 technology	transfer	 is	 the	ability	 to	acknowledge,	
understand,	and	workaround	various	transfer	barriers,	e.g.,	technical,	social,	cultural,	




from	 a	 first	 group	 of	 people	 (or	 organization)	 to	 a	 second	 group	 of	 people	 (or	
organization),	the	latter	using	it	to	its	own	advantage	[27],	[30],	e.g.,	research	results	
are	communicated	and	turned	into	products	to	be	commercialized	[33].	






























development	 of	 technology	 valuation	 methods	 [36].	 Leonard-Barton	 and	 Sinha	
highlighted	two	important	factors	for	a	successful	technology	transfer.	The	authors	
discuss	how	organizations	have	to	undertake	a	sort	of	adaptation	process	(either	for	
the	new	technology	 to	be	adapted	 to	 the	organizational	environment,	or	 the	other	
way	around),	and	how	the	communication	and	interaction	between	developers	and	
users	 should	 be	 intense	 from	 day	 one	 [37].	 Franza	 and	 Grant	 have	 listed	 success	
attributes	by	player	types,	namely	developer,	acquirer,	and	both,	showing	the	traits	
and	characteristics	each	group	ought	to	have	in	order	to	thrive.	
	 In	 a	 comprehensive	 research	 work,	 Estep	 identified	 four	 categories	 of	
technology	 transfer	 success	 attributes	 perspectives	 and	 factors:	 Research	domain,	












the	 organization	 for	 them	 to	work	 together;	 implementation—when	one	 does	 the	
actual	transfer	and	deploys	it	in	the	new	environment;	and	maintenance—when	one	
makes	sure	the	technology	is	and	will	work	properly	in	the	long-run	[2].	In	a	more	
simplistic	 fashion,	 Seaton	 and	 Cordey-Hayes	 have	 defined	 the	 TT	 stages	 as	 idea	
scanning,	communication,	assimilation	within	the	organization,	and	idea	application	






for	 technology	 transfer	 are:	 Transfer	 object,	 transfer	 mechanism,	 intellectual	
property	(IP)	rights,	absorptive	capacity,	and	support	structures	[22].	Transfer	object	
is	the	‘what’,	it	is	the	item	or	element	to	be	transferred	from	the	donor	to	the	receiver.	
The	mechanism	 is	 the	 ‘how’,	 the	way	or	 the	vehicle	 through	which	 the	 transfer	 is	
conducted.	 IP	 rights	 comprise	 all	 legal	 considerations	 over	 patents,	 brand,	
trademarks,	and	other	intellectual	property	aspects.	Absorptive	capacity	refers	to	the	
skills	of	an	entity	of	 receiving,	understanding	and	properly	using	new	 information	
and	knowledge	 [38].	 The	 support	 structures	 are	organizational	 arrangements	 and	
entities	 that	 provide	 aid	 and	 assist	 the	 transfer	process.	 The	Technology	Transfer	
Office	 (TTO)	 in	 universities	 would	 be	 a	 good	 example	 [22].	 Nobelius	 lists	 three	




The	 third	and	 last	part	 refers	 to	 the	 ‘how’,	 i.e.,	 the	mechanism	and	 the	 technology	
transfer	 process	 itself	 and	 how	 to	 manage	 it.	 Bozeman	 also	 dealt	 with	 specific	
dimensions	 of	 effectiveness	 for	 TT.	 The	 author	 lists	 as	 important	 dimensions:	
Transfer	 agent,	 transfer	 medium,	 transfer	 object,	 transfer	 recipient,	 and	 demand	
environment	[3].	
	 The	 literature	 also	 provides	more	 specific	 criteria	 that	 should	 be	 assessed	






the	 donor	 and	 the	 recipient	 side.	 The	 questions	 relate	 to	 the	 number	 of	 people	
involved,	training,	 interaction,	planning	aspects,	and	complexity	of	transfer,	among	
others	 [34].	 Bozeman	 lists	 as	 important	 criteria:	 Out-the-door,	 market	 impact,	




development	 relates	 to	 market	 impact	 questions	 on	 a	 regional	 or	 country	 level.	
Political	reward	relates	to	political	gains	derived	from	the	transfer,	such	as	more	and	




to	 be	 taken	 into	 account:	 providing	 agent,	 receiving	 agent,	 and	 environment	 [22].	
Baek	et	al.	also	list	specific	criteria.	On	the	qualitative	side,	the	authors	list	the	analysis	









entities	 (a	 system)	 that	work	 together	 to	 promote	 a	 better	 transfer	 and	 to	 create	
value.	Meseri	and	Maital	argue	that	a	systems	approach	is	essential	 for	technology	
transfer	 [23].	Some	of	 the	entities	mentioned	are:	Science	parks,	 research	centers,	
incubators,	TTO’s,	innovation	and	commercialization	networks;	and	proof	of	concept	
centers	 (POC)	 [22].	Technology	 transfer	offices	 (TTO)	are	also	mentioned	 in	other	
studies	[39],	[40].	
TT	Types	












































• Coopetitive—collaborative	 transfer	 of	 technologies	 that	 combines	 both	
competitive	 and	 precompetitive	 aspects,	 resulting	 in	 a	 win-win	 situation	




• Consortium	 to	 Firm—groups	 of	 organizations	 (consortia)	 transferring	
technologies	to	individual	organizations	(firm).	





• Vertical—technology	 transfer	 involving	 players	 placed	 above	 or	 below	 the	
organization	in	the	supply	chain,	e.g.,	suppliers,	customers.	












	 Internal	 technology	 transfer	 happens	 inside	 one	 organization.	 As	 Leonard-
Barton	and	Sinha	put	it,	it	is	“the	implementation	of	technical	systems	developed	and	



















































industry	 linkages;	 TTO’s;	 and	 university	 patenting	 and	 licensing	 [62].	 In	 1991,	
Mitchell	was	 already	 noticing	 a	 change	 in	 how	 universities	 dealt	with	 technology	
transfer.	This	time	period	was	the	beginning	of	the	technology	transfer	offices	(TTO’s)	
[86].	 In	 1998,	 however,	 Mejia	 was	 arguing	 that	 the	 majority	 of	 transfers	 from	
universities	was	still	done	by	publications,	and	a	stronger	linkage	between	university	
and	 industry	 was	 needed	 [39].	 In	 another	 comprehensive	 study	 on	 university	




for	 researchers,	 providing	 more	 and	 better	 resources	 for	 TTO’s,	 changing	 the	



























	 Contract	 research	 are	 contractual	 arrangements	 between	 the	 technology	
developer	 and	 the	 technology	 recipient.	 It	 sets	 the	 basics	 of	 the	 transfer—who	 is	
involved,	what	will	be	transferred,	and	how	[22].	Foreign	direct	 investments	(FDI)	
are	 characterized	 when	 an	 organization	 makes	 an	 investment	 to	 own	 another	
organization	 in	 a	 foreign	 country.	 According	 to	 De	 la	 Tour,	 FDI	 in	 developing	
countries	are	“…carried	out	to	benefit	of	cheap	labor,	they	hire	 local	work-force	to	
which	the	know-how	is	then	transferred”	[52].	Further	development	happens	when	









Hayes	 argue	 that	 joint-venture	 R&D	 efforts	 have	 the	 ability	 to	 lower	 the	 risks	 of	
development,	 and	make	 the	 transfer	 less	painful	 [35].	Licensing	happens	when	an	
organization	authorizes	another	to	use	and/or	commercialize	a	technology,	without	
transferring	 the	 ownership,	 and	 it	 usually	 involves	 the	 payment	 of	 license	 fees.	









[22].	Monitoring	of	activities	of	 the	 science	base	happens	when	an	organization	 is	
attentive	 to	 the	 flow	 of	 knowledge	 in	 its	 field.	 Searches	 on	 academic	 article	 and	
patents	databases,	participation	in	conferences,	and	industry	forums	would	be	some	
of	 the	 activities	 involved	 [22].	 Movement	 of	 personnel	 is	 similar	 to	 the	 mobility	
scheme.	It	involves	sending	workers	along	with	the	technology	in	order	to	ease	the	
transfer,	 and	 these	movements	may	 not	 be	 temporary,	 as	 in	 the	 case	 of	mobility	
schemes.	De	La	tour	argues	that	these	movements	can	be	essential	for	a	successful	
transfer	 [52].	 Publications	 in	 journals	 and	 magazines	 are	 a	 way	 of	 transferring	
knowledge	 and	 technology,	 which	 are	 used	 extensively	 in	 academia.	 However	
common	 it	 is	 in	 university	 transfer,	 Rogers	 et	 al.	 caution	 that	 this	 is	 not	 the	 best	

















	 Both	 quantitative	 and	 qualitative	 methods	 are	 found	 in	 the	 literature.	
Quantitative	methods	would	 include	methods	 and	 tools	 focusing	 on	mathematical	
and	statistical	models,	plus	Multi-Criteria	Decision-Making	Models	(MCDM),	such	as	
Analytical	 Hierarchical	 Process	 (AHP)	 and	Hierarchical	 Decision	Modeling	 (HDM).	
According	 to	 Khabiri	 et	 al.,	 qualitative	methods	 define	 activities	 of	 those	who	 are	
involved	in	the	process,	and	elicit	factors	and	issues	that	may	influence	the	success	
and	 effectiveness	 of	 a	TT	project.	On	 the	 other	 hand,	 quantitative	methods	would	
quantify	parameters	and	analyze	them.	Also,	they	try	to	minimize	incompatibilities	
between	donors	and	recipients	[53].	





































it	 seems	 that	 MCDM	 models	 are	 the	 most	 appropriate	 methods	 to	 deal	 with	
technology	 transfer	 since	 they	 can	 approach	 the	 problem	 from	 several	 different	
perspectives	 at	 the	 same	 time.	AHP	 [90],	 [91]	 and	HDM	 [6],	 [19]	 are	not	 the	only	
models	used,	but	also	decision	models	based	on	donor/recipient	 criteria	 [2],	 [22],	











































gap	to	be	 filled.	The	authors	argue	that	when	it	comes	to	TTO’s,	 there	 is	a	need	to	
conduct	a	demand-side	perspective	study	to	understand	how	TTO		clients	perceive	





on	 intra-firm	 TT	 to	 understand	 it,	 since	 the	 majority	 of	 research	 is	 done	 on	








the	 concept	 of	 commercialization.	 In	 the	 context	 of	 TT,	 commercialization	 would	
mean	successfully	bringing	to	the	market	a	product	and/or	service	developed	during	
an	 R&D	 project.	 A	 solid	 technology	 transfer	 process	 would	 enable	 the	 successful	
commercialization	 of	 new	 technologies	 [36].	 Improving	 the	 technology	 transfer	
process	 and	 partnerships	 would	 improve	 the	 commercialization	 results	 [7].	
										
	 																				 28	
Innovation	 commercialization	 would	 be	 helped	 by,	 and	 go	 beyond,	 technology	
transfer	 [22].	 Technology	 transfer	 would	 bridge	 the	 gap	 between	 R&D	 and	
commercialization	[50].	If	technology	transfer	is	better	thought	of	and	understood,	
chances	 of	 successful	 technology	 commercialization	 increase	 [6].	 In	 summary,	













branches	 of	 the	 field.	 Furthermore,	 in	 understanding	 how	 crucial	 the	 technology	
transfer	 process	 is	 for	 the	 overall	 technological	 development	 of	 a	 region/country,	
public	 authorities	 venture	 to	 try	 to	 boost	 and	promote	 the	 process.	 In	 1977,	 Bar-
Zakay	 published	 a	 study	 where	 the	 primary	 objective	 was	 to	 create	 policy	
recommendations	to	enhance	and	improve	the	technology	transfer	from	the	military	
sector	 to	 the	 civilian	 sector	 in	 Israel	 [34].	 In	 analyzing	 international	 technology	
transfer,	Bommer	at	al.	mention	government	policies	as	a	critical	factor	to	be	taken	





process	 [5].	 Lai	 and	 Tsai	 state	 “government’s	 policy	 is	 always	 a	 crucial	 factor	 in	











	 	Technology	 assessment	 is	 another	 concept/practice	 that	 has	 an	 intimate	
relationship	 with	 technology	 transfer.	 It	 is	 critical	 to	 assess	 and	 understand	 the	







transfer	 process	 when	 dealing	 with	 aircraft	 engine	 technologies	 [25].	 Bar-Zakay	















process	 in	 place.	 Some	 think	 that	 TT	 should	 start	 only	 after	 the	 technology	
development	 project	 is	 done.	 Others	 say	 the	 TT	 process	 should	 be	 conducted	 in	
parallel.	This	debate	will	be	further	discussed	in	later	sections,	but	the	overlap	and	
interactions	between	technology	development	and	technology	transfer	are	obvious.	
	 Some	 authors	 highlight	 the	 interrelationship	 between	 public	 policies	
promoting	 technology	 development	 and	 promoting	 technology	 transfer	 [3],	 [62],	
[95],	[96].	Other	authors	argue	that	different	TT	models	are	needed	for	technologies	
that	are	at	different	development	stages	[36],	[61].	Estep	links	the	TT	process	to	the	
very	 early	 stages	 of	 technology	 development,	 bringing	 it	 to	 the	 assessment	 and	

















relationships	 between	 the	 technology	 transfer	 process	 and	 the	 actual	 product	
development	 process.	 Jugend	 and	 Silva	 say	 that	 the	 technology	 transfer	 process,	
among	other	factors,	 is	vital	 in	having	effective	new	product	development	projects	
[97].	 As	 Spann	 et	 al.	 put	 it,	 there	 is	 a	 technology	 transfer	 component	 within	 the	
product	 development	 process	 [61].	 Bommer	 et	 al.	 argue	 that,	 for	 long	 and	 costly	



































	 	As	 in	 the	 case	 of	 technology	 forecasting,	 scholars	 do	 not	 highlight	 a	 very	
strong	relationship	between	technology	transfer	and	technology	maturity.	However,	
some	 interesting	 insights	 can	 be	 retrieved	 from	 the	 literature.	 As	 a	 general	 rule,	
scholars	say	that	technology	maturity	/	readiness	would	serve	as	one	of	the	criteria	
to	be	considered	during	the	transfer	process.	Technologies	that	are	more	ready	are	
easier	 to	 transfer	 [44],	 [96].	 During	 the	 transfer	 assessment	 of	 technologies,	 the	
maturity	 is	 an	 input	 [4],	 [23],	 [36],	 [87].	 In	 describing	 the	 technology	 platforms	
implemented	 in	 Russia	 (policy	 instruments	 to	 boost	 technology	 development	 and	









concept	 and	 technology	 transfer	 becomes	 more	 evident	 since	 one	 needs	 good	
technology	 and	 knowledge	 transfer	 skills	 in	 order	 to	 take	 advantage	 of	 open	
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innovation.	 Confirming	 that	 idea,	 Carayannis	 et	 al.	 state	 that	 “open	 innovation	 is	
knowledge	 diffusion	 and	 recombination,	 producing	 the	 ‘seed	 corn’	 of	 tomorrow’s	
breakthroughs”	[31,	p.	435].	For	modern	organizations,	open	innovation	is	now	part	
of	their	strategic	planning	[98],	and	the	concept	of	open	innovation	breaks	the	old	







internal	 innovation,	 and	 expand	 the	 markets	 for	 external	 use	 of	 innovation,	






transfer	 aspects,	most	 importantly	 the	 ability	 to	 acquire,	 communicate	 and	 share	
knowledge,	and	the	ability	of	a	set	of	successful	collaborative	R&D	partnerships,	as	
evidenced	 by	 the	 discussion	 around	 precompetitive,	 competitive	 and	 coopetitive	













to	 include	 commercialization	 aspects.	 Recent	 researchers,	 especially	 from	 the	 late	
2000s	 on,	 have	 been	 regarding	 and	 discussing	 technology	 commercialization	 as	
technology	transfer	[22]–[24].	The	commercialization	happens	when	a	technology	is	
developed	 and	 brought	 into	 the	 market	 as	 a	 product	 or	 service.	 In	 the	 words	 of	
Balachandra	 and	 Reddy,	 “commercialization	 is	 the	 total	 process	 of	 moving	 a	
technology	from	the	concept	stage,	to	the	production	of	a	product	and	from	there,	to	
market	 acceptance	 and	 use”	 [103,	 p.	 6].	 For	 the	 purposes	 of	 this	 explanation,	 the	




performed	 externally	 through	 licensing	 or	 technology	 acquisition.,	 It	 can	 also	 be	
performed	 by	 a	 mixture	 of	 internal	 and	 external	 R&D,	 through	 joint-projects,	




according	 to	 its	 capabilities	 and	 objectives.	 It	 is	 certain,	 however,	 that	 the	 right	
approach	 is	 to	 make	 use	 of	 all	 available	 sources	 of	 knowledge	 and	 expertise	 to	
innovate,	thereby	avoiding	missed	opportunities.	According	to	Hess	and	Siegwart,	the	
organization	that	has	both	internal	and	external	R&D	efforts	and	that	balances	both	
breakthrough	 and	 incremental	 innovation,	 is	 likely	 to	 better	 control	 the	 risks	
involved	in	the	projects	while	also	maintaining	its	absorptive	capacity	[104].	Hung	et	
al.	 complement	 this	 line	 of	 thought	 by	 stating	 that	 technology	 commercialization	
depends	on	the	firm’s	capabilities	to	be	successful	[105].	The	same	authors	also	affirm	
that	technology	commercialization	would	be	beneficial	for	boosting	the	demand	in	a	
particular	 sector,	 thus	boosting	 technology	development	and	advancements	 [105].	
Furthermore,	 the	 importance	of	 technology	commercialization	is	highlighted	when	
Worrel	et	al.	suggest	that	tech	transfer	and	commercialization	should	be	an	integral	
part	 of	 an	 organization’s	 strategy	 [5].	 Similarly,	 Hess	 and	 Siegwart	 conclude	 that	
technology	 transfer	 and	 commercialization	 capabilities	 are	 essential	 to	 any		
organization	that	wants	to	be	competitive	in	the	market	[104].	
	 In	 order	 for	 a	 technology	 to	 be	 successfully	 commercialized,	 it	 has	 to	 be	
brought	to	the	market	and	to	be	adopted	by	its	consumers.	Although	the	criteria	and	
process	through	which	a	technology	is	adopted	might	change	from	sector	to	sector	
(and	 possibly	 from	 person	 to	 person),	 a	 few	 general	 steps	 are	 discussed	 in	 the	





observability,	 relative	 advantage,	 complexity,	 and	 compatibility	 [103].	 In	 sum,	 a	
customer	would	 adopt	 a	 technology	 after	 trying	 it	 out	 or	 testing	 it,	 observing	 the	
results	 of	 the	 trial,	 comparing	 the	 advantages	 against	 other	 options,	 judging	 how	
complex	it	is,	and	how	compatible	it	is	with	his/her	style	and	way	of	doing	things.	At	
the	 other	 end,	 technology	 developers	 should	 be	 keen	 in	 measuring	 their	
commercialization	 performance.	 In	 order	 to	 do	 so,	 researchers	 suggest	 the	 use	 of	
metrics.	 Carayannis	 and	 Alexander	 list	 several	 metrics	 to	 be	 taken	 into	 account,	
divided	into	four	categories:	Input	metrics,	intermediate	metrics,	short-term	metrics	





term	 metric,	 not	 as	 a	 long-term	 one.	 This	 might	 seem,	 at	 first,	 a	 little	 dissonant	
regarding	the	body	of	knowledge	in	technology	transfer	since	intellectual	property	






that	 matter.	 	 Rubenstein,	 for	 example,	 argues	 that	 some	 organizations	 focus	









this	 behavior	 is	 derived	 mostly	 from	 the	 fact	 that	 the	 sector	 is	 highly	 regulated,	
operates	 in	 a	 monopolistic	 or	 semi-monopolistic	 fashion,	 and	 concessions	 and	
contracts	are	 long-term	[108].	These	characteristics	 can	 result	 in	an	unwelcoming	
environment	 for	 change	 and	 innovation,	 making	 electric	 utilities	 adverse	 to	
conducting	research	and	development	[108].	This	reality,	however,	is	changing.	The	
whole	sector	seems	to	be	waking	up,	developing	new	technologies,	and	researchers	
are	devoting	more	attention	 to	 studying	 innovation	and	R&D	 in	 the	power	 sector.	
With	 regard	 to	 renewable	 sources	 of	 energy,	 a	myriad	 of	 technology	 transfer	 and	
commercialization	studies	have	been	conducted	[109]–[111],	and	more	examples	will	






for	 energy	 savings	 and	 an	 aging	 power	 supply	 infrastructure	 demand	 real	
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breakthrough	 innovation	 and	 radical	 improvements	 to	 the	 inspection	 service,	 to	
power	generation	and	to	the	distribution	infrastructure”	[104,	p.	154].		
	 Although	 the	 power	 sector	 has	 come	 late	 to	 the	 “technology	 era”	 when	
compared	 to	 other	 sectors,	 the	 reality	 is	 very	 promising	 for	 utilities	 and	 for	
consumers	as	well.	Following	Hsu	&	Chang,	the	evaluation	of	new	energy	technologies	




energy	 technologies	 [110].	 More	 research	 will	 lead	 to	 more	 demonstrations	 and	
those,	in	turn,	will	lead	to	more	successful	transfer	and	commercialization	of	those	
technologies.	That	would	not	only	be	desirable,	but	also	crucial	for	the	energy	sector.	
As	 Malek	 et	 al.	 put	 it,	 renewable	 energy	 technologies	 success	 heavily	 rely	 on	
demonstration	and	commercialization	efforts	[110].	Most	of	scholars	agree	that	the	
energy	 technologies	 that	 could	 revolutionize	 the	grid	are	not	 ready	yet,	 and	 these	
technologies	are	not	successful	in	surviving	the	notorious	valley	of	death	[112].	While	
there	is	still	a	long	way	to	go,	researchers	are	focused	in	finding	paths	to	shorten	the	
distance	 and	 overcome	 the	 barriers	 that	 prevent	 these	 technologies	 from	 being	
successfully	 transferred	 to	 the	 market.	 Joining	 efforts	 and	 sharing	 risks	 in	 the	
development	process	is	one	of	the	ways	being	praised	by	scholars.	The	partnership	
synergy,	 as	 explained	by	Manouklan	 et	 al.,	 could	help	new	energy	 technologies	 to	











transfer,	 and	 methodological	 approaches	 used	 by	 scholars.	 In	 some	 cases,	 it	 is	
possible	to	compare	it	to	the	general	landscape	of	technology	transfer	research.	When	
it	comes	to	the	type	of	transfer,	the	TT	research	on	the	energy	sector	is	similar	to	the	
overall	 TT	 research	 with	 most	 of	 the	 research	 pieces	 dealing	 with	 international	
transfers	 [4],	 [5],	 [108],	 [109],	 [116]–[120].	 There	 are	 also	 studies	 on	 university	
technology	transfer	[121],	but	as	opposed	to	the	overall	technology	transfer	body	of	
knowledge,	 few	 studies	 focused	 on	 university	 technology	 transfer	 in	 the	 energy	
realm.	 When	 it	 comes	 to	 the	 purpose	 of	 transfer,	 the	 literature	 is	 dominated	 by	
studies	 attempting	 to	use	 energy	 technology	 transfers	 as	 a	means	 to	mitigate	 and	
minimize	carbon	emissions	in	developing	countries	due	to	climate	change	concerns	































its	 outcomes.	 Generally	 speaking,	 there	 are	 eight	 different	 types	 of	 stakeholders:	
										
	 																				 42	




technology	 transfer	 is	 complex	 and	 multidisciplinary,	 both	 quantitative	 and	
qualitative	 factors	 come	 into	 play	when	 assessing	 TT	 processes	 [108].	 As	 general	
effectiveness	factors,	Bozeman	lists	factors	such	as	market	and	economic	impacts,	the	
political	impact	and	the	opportunity	costs	of	transferring	technologies,	and	also	the	
human	 capital	 involved	 in	 the	 process	 [3].	 The	 same	 author,	 using	 national	
laboratories	environments	as	an	example,	lists	the	transferor,	transferee,	the	transfer	
object,	medium,	and	also	the	demand	conditions	as	important	factors	[3].	Rubenstein	




personnel,	 and	 sufficient	 funding	 would	 be	 early	 stage	 positive	 factors,	 whereas	
motivation	and	market	knowledge	would	be	late	stage	positive	factors	[107].	Another	
important	 study	 identifies	 steps	 to	 be	 taken	 in	 order	 to	 conduct	 a	 successful	
commercialization,	namely	spotting	and	understanding	the	adopters;	designing	the	
item	according	to	their	needs;	providing	the	necessary	support	after	the	transfer	is	
done	 [103].	 Also	 trying	 to	 identify	 necessary	 factors	 for	 a	 successful	
commercialization,	Salwan	lists,	among	other	factors,	the	understanding	of	the	user	














































	 An	 important	 aspect	 of	 the	 technology	 commercialization	 literature	 in	 the	
energy	sector	is	the	strong	relationship	with	technology	policy.	Whether	the	focus	of	
the	 study	 is	 international	 technology	 transfer,	 or	 the	 commercialization	 of	 a	
technology	developed	at	a	university	or	national	lab,	there	is,	in	the	majority	of	cases,		
a	 connection	 with	 public	 policies	 on	 technology	 development	 and	 diffusion.	
Technology	policy	 is	seen	as	essential	not	only	to	a	successful	 transfer,	but	also	to	
incentivize	 the	development	 and	 to	boost	 adoption	 [115].	One	of	 the	most	widely	
known	 and	 used	 instruments	 are	 the	 Cooperative	 Research	 and	 Development	






are,	 among	 others,	 to	 result	 in	 a	 benefit	 that	 is	 consistent	 with	 DoE’s	 program	
objectives	 without	 compromising	 national	 interests	 and	 objectives,	 and	 to	 take	
actions	 towards	 the	dissemination	 (transfer)	 of	 the	 collaboration	 outcomes	 [130].	
Authors	agree	that	CRADAS	are	a	very	efficient	way	to	leverage	federal	funding	for	
energy	 technologies	 and	 to	 get	 it	 effectively	 transferred	 to	 the	market	 [131].	 The	








that	 not	 only	 policies	 would	 influence	 its	 development	 and	 transfer,	 but	 also	 the	
composition	of	 the	government	 itself.	According	 to	Cirone	&	Urpelainen,	 a	unified	
government,	rather	than	a	fractioned	one,	is	vital	should	a	country	want	to	advance	
its	energy	technologies	[133].	





technologies,	which	would	 be	 targeted	 by	 the	 policy;	 formal	 agreements	 between	
government	 agencies	 and	 private	 sector	 entities	 that	 will	 be	 partners	 in	 the	
development,	 and/or	 be	 the	 recipients	 of	 the	 transfer;	 evaluation	 of	 the	 users’	
environment	and	the	occasional	adaptation	of	the	technology	to	suit	their	needs;	and	
support	for	the	recipient	and	repetition	of	the	process	[5].	Nevertheless,	some	may	





main	 actor,	 and	 represents	 the	main	 group	 of	 technologies	 for	 energy	 policy	 [5].	
Furthermore,	 the	 development	 and	 adoption	 of	 energy-efficient	 technologies	 is	
burdensome	and	takes	more	time	than	other	technologies	because	of	several	barriers	




to	 the	 energy	 sector,	 a	 succinct	 review	 on	 the	 literature	 about	 aligning	 R&D	 and	
business	 strategy	 is	 presented.	 By	 shedding	 a	 light	 on	 its	 main	 characteristics,	





	 The	 first	 aspect	 to	 approach	 is	 to	 establish	 the	 relationship	 between	
technology/R&D	 and	business/corporate	 strategy.	 Although	 there	 is	 not	 a	 field	 of	
study	 dedicated	 to	 this	 issue,	 one	 can	 find	 some	 research	 (within	 the	 technology	
management	 field)	 that	 at	 least	 tangentially	 touches	 upon	 this	 issue.	 Chester	
mentions	 this	 relationship,	 and	 also	 states	 that	 R&D	management	 style	 is	 usually	
dependent	 on	 personal	 preferences	 from	 top	 managers	 [134].	 Phaal	 et	 al.	 also	





more	 dependent	 on	 technologies,	 has	 made	 it	 necessary	 to	 plan	 technology	 on	 a	
strategy	level	[136].	Moreover,	according	to	Jin	et	al.,	the	technology	in	itself	is	not	
sufficient	 to	 achieve	 a	 competitive	 advantage.	 In	 the	 author’s	 words,	 “the	 fitness	
between	 technology	 strategy	 and	 corporate	 strategy	 ensures	 the	 successful	
deployment	 of	 a	 company’s	 technological	 capability	 and	 enhances	 the	 company’s	
financial	performance”	[137,	p.	472].	Furthermore,	research	and	development	is	an	
important	part	in	the	organizational	structure	of	firms	[138],	and	therefore	should	be	
considered	when	 devising	 a	 corporate	 strategy.	 The	 importance	 of	 this	 alignment	
becomes	even	more	evident	when	Lyne	argues	that	including	R&D	and	technology	in	
the	 corporate	 strategy	 makes	 it	 easier	 for	 companies	 to	 cope	 with	 otherwise	








strategy,	 and	 tries	 to	meet	 their	 own	 demands	 and	 objectives,	 so	 it	 is	 difficult	 to	
synchronize	it	all	[143].	Although	there	are	numerous	research	pieces	on	strategy,	it	
is	 still	 a	 difficult	 task	 to	make	 the	 link	 between	 technology	 and	 business	 strategy	






	 Not	many	methods	 are	 described	 in	 the	 literature	 as	 capable	 of	 providing	



















	 Herfert	 and	Arbige	mention	an	approach,	Business	 Integration	Team	(BIT),	
that	was	applied	 to	deal	with	 this	 issue	 [143].	This	 approach	 is	based	on	a	multi-
functional	team	consisting	of	high-level	managers.	These	individuals	have	both	the	
knowledge	about	the	organization’s	strategy,	and	the	influential	power	to	steer	the	
organization	 in	 the	 right	 direction.	 Another	 approach	 that	 has	 the	 potential	 to	
mitigate	 the	 issue	 is	 portfolio	 management.	 If	 portfolio	 development	 aspects	 are	






present	 strategic	 decisions	 for	 the	 whole	 organization	 [138],	 [148].	 Technology	
roadmaps	serve	not	only	for	technology	planning,	but	also	to	align	technology	and	






	 There	 is	 no	 consensus,	 across	 the	 literature,	 on	 how	 to	 align	 R&D	 and	
technology	 with	 business	 strategy.	 The	 limitations	 and	 gaps	 on	 the	 research	 are	
evident.	The	following	is	a	presentation	and	discussion	on	some	of	these	limitations	
and	gaps.	
	 In	 a	 very	 interesting	 study,	 Bosch-Sijtsema	 and	 Bosch	 created	 R&D	 and	
innovation	management	strategies	as	options,	based	on	corporate	strategy	decisions.	








ensure	 the	 alignment,	 as	 the	 authors	 acknowledge,	 and	 no	 recommendations	 or	
suggestions	 are	made	as	 to	 enhance	 the	organization’s	 capabilities	 [137].	Another	
study	 developed	 a	 methodology	 that	 would	 help	 with	 the	 R&D	 management	 by	





	 Most	 of	 the	 approaches	 described	 in	 the	 literature	 (especially	 portfolio	





need	 to	 assess	 and	 ensure	 strategic	 adherence	 throughout	 the	 whole	 technology	
development	cycle,	and	the	whole	R&D	project.	A	roadmapping-based	methodology	
has	 been	 used	 to	 align	 R&D	 strategies	 and	 business	 needs,	 but	 it	 does	 not	 offer	
alignment	monitoring	during	or	after	the	project’s	completion	[136].	Roadmapping	
has	 been	 used	 in	 several	 occasions	 as	 a	means	 to	 align	 R&D	with	 strategy	 [136],	
[140]–[142],	[146],	[148].	However	useful	and	effective	roadmapping	may	be	while	





technology	 and	 business	 is	 evidenced	 in	 the	 literature.	 Loyarte	 et	 al.	 argue	 that	
technology	is	seen	as	a	strategic	asset	since	the	1980s.	Nonetheless,	in	the	words	of	
the	 authors,	 “the	 two	 key	 problems	 are	 how	 to	 link	 technology	 strategy	 and	









Sijtsema	and	Bosch	argue	 that	 there	 is	 a	need	 for	more	 insights	 about	 linking	 the	
innovation	 ecosystem	 and	 internal	 technology	 development,	 and	 that	 researchers	
should	be	focusing	on	this	issue	[144].	
Strategic	Technology	Control	–	A	Process	




the	 application	 and	 deployment	 of	 the	 technology.	 As	 it	was	 discussed	 in	 the	 last	
section,	some	methodologies	(most	importantly	roadmapping)	bring	a	good	solution	
for	the	alignment	issue	at	the	front-end	stage.	Nonetheless,	it	was	also	discussed	that	
the	 alignment	 at	 the	 front-end	 does	 not	 guarantee	 the	 alignment	 throughout	 and	








to	 the	 author,	 the	 alignment	 of	R&D	and	 strategy	 is	 present	when	 the	 research	 is	
perceived	 to	be	 relevant,	 its	 results	are	perceived	 to	be	 ready,	 and	 it	has	a	 strong	
coupling	with	technology	and	product	strategy	[1].		
	 A	better	 technology	 transfer	process	would	also	enhance	 the	 integration	of	
R&D	and	new	product	development	(NPD).	Several	authors	point	out	the	difficulties	
in	 integrating	 R&D	 and	 NPD	 [9],	 [97],	 [150].	 Although	 the	 technology	 transfer	
problem	is	usually	framed	in	terms	of	bringing	a	developed	product	to	the	market	(or	


















in	 addressing	 these	 gaps.	 Nevertheless,	 some	 scholars	 disagree	 and	 regard	 a	
continuous	TT	process	as	an	ineffective	and	wasteful	solution.	These	authors	regard	
TT	as	a	one-time	event	that	should	be	taken	care	of	when	the	transferrable	item	is	
ready	 [151]–[153].	 Magnusson	 and	 Johansson	 argue	 that,	 instead	 of	 having	 a	
standard	 process	 in	 place,	 organizations	 should	 design,	 organize,	 and	 implement	
their	 internal	TT	processes	on	a	 case-by-case	basis,	which	 they	 call	 a	 contingency	
framework.	By	doing	that,	organizations	would	be	flexible	and	able	to	better	respond	
to	changes	due	 to	different	situations	 (transfer	 time,	 type	of	 technology,	etc...)	 [9].	
Although	a	certain	level	of	flexibility	should	be	maintained	in	order	for	the	process	to	





standardized	 process	 in	 place	 does	 not	mean	 the	 organization	will	 not	 be	 able	 to	
respond	to	contingencies.	On	the	contrary,	provided	efficient	communication	and	a	
flexible	 organizational	 culture	 exist,	 the	 process	 can	 be	 adjusted	 to	 fit	 the	
requirements	of	any	specific	situation,	technology,	recipient,	or	donor.	By	doing	that,	
the	 organization	 takes	 advantage	 of	 the	 “common	 language”	 that	 is	 repeatability	
created	 by	 the	 standardized	 process,	 and	 also	 quickly	 and	 effectively	 responds	 to	
										
	 																				 55	




opposed	 to	 viewing	 TT	 as	 a	 one-time	 event	 [1].	 Leonard	 and	 Sinha	 list	 several	
technical	and	human	factors	that	make	the	technology	transfer	process	difficult	[37].	






























	 Other	 aspects	 of	 the	 technology	 transfer	 process	 are	 also	 a	 subject	 of	
discussion	 in	 the	 literature.	 The	 evolution	 of	 a	 technology	 transfer	 process	 or	 the	
transformation	the	process	can	undergo	 in	terms	of	organizational	perception	and	
awareness	is	one	of	those	aspects.	Mentioning	previous	relevant	research	in	the	field	
of	 knowledge	 management	 [154],	 Carayannis	 and	 Alexander	 describe	 this	
transformational	process	as	a	spiral-shaped	one,	and	as	vital	to	the	success	of	R&D	






technology	 is	 transferred	 in	 those	 partnerships	 is	 another	 aspect.	 Discussing	








it	 is	 possible	 to	 compare	 them	 across	 different	 phases	 in	 their	 evolution	 while	
observing	 the	 entire	 lifecycle,	 in	 a	 ‘snapshot-and-reel’	 approach”	 [155,	 p.	 486].	




IP	 protection;	 marketing,	 business	 proposal;	 technology	 commercialization;	 new	
products	and	services;	and	revenue	[33].	
Research	Gaps	
	 Having	 understood	 the	 research	 landscape,	 and	 apprehended	 the	 relevant	






an	 organization’s	 TT	 capabilities,	 as	 	 the	 vast	 majority	 of	 studies	 are	 only	




a	 university	 technology	 transfer	 maturity	 scale	 and	 model	 [91].	 Also,	 a	
quantitative	 multi-criteria	 decision-making	 model	 was	 applied	 to	 measure	

















subject	 to	 only	 a	 few	 studies,	 to	 the	 point	 that	 some	 scholars	 are	 actively	
pushing	for	more	research	on	this	topic	[9],	[38],	[144].	
• There	is	a	lack	of	studies	on	the	ways	that	TT	can	help	align	R&D	and	business	
strategy:	 Even	 when	 disregarding	 technology	 transfer,	 there	 is	 a	 lack	 of	
comprehension	 and	 research	 on	 how	 to	 align	 R&D	 and	 technology	
development	with	business	and	corporate	strategy	[140].	In	addition,	most	of	
the	studies	conducted		up	until	now	have	been	focusing	on	methodologies	such	
as	roadmapping	[136],	 [140]–[142],	 [145]–[148]	and	other	methods	 [137]–
[139],	 [144].	None	of	 these	 include	 technology	 transfer	perspectives,	which	


















Such	 a	 score	would	 allow	 the	 researcher	 to	 shed	 a	 light	 on	 the	 organization’s	 TT	
weaknesses	 and	 strengths.	 From	 this	point,	 it	will	 also	be	possible	 to	 recommend	




technology	development,	 and	 corporate	 /	business	 strategy.	The	organization	will	





• What	 are	 the	 practices	 and	 factors	 that	 influence	 the	 R&D	 alignment	 with	
business	strategy?	











dirty	 and	 actively	 change	 something	 in	 the	 real-world,	 and	 it	 is	 also	 seen	 as	 an	
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effective	 method	 to	 create	 knowledge	 [156].	 Being	 a	 very	 diverse	 and	 dynamic	
methodology,	 authors	 argue	 that	 there	 is	 not	 a	 unique	 definition	 or	 manner	 in	
conducting	action	research	[156]–[158].	O’Brien	states	that	action	research	can	be	
thought	 of	 as	 “learning	 by	 doing”,	 and	 also	 lists	 several	 alternative	 names	 the	
methodology	 is	 referred	 to:	 Participatory	 research,	 collaborative	 inquiry,	
emancipatory	research,	action	learning,	and	contextual	action	research	[159].	Tripp	
defines	 it	as	any	kind	or	variation	of	action	 inquiry,	where	 the	 researcher	aims	 to	
improve	 the	practice	by	ways	of	acting	upon	 it,	and	 later	 inquiring	on	 the	action’s	
results,	in	a	cyclical	fashion	[160].		






























a	 method,	 i.e.,	 several	 methods	 can	 fit	 inside	 this	 methodological	 approach.	 AR	









	 Action	 research	 is	 a	 way	 through	 which	 researchers	 influence	 on	 or	 in	 a	
system,	 and	 this	 influence	 (action)	 also	 creates	 important	 knowledge	 about	 the	
system	[161].	It	is	an	approach	that	creates	the	conditions	for	better	decision-making	
about	practice	 since	 the	process	unfolds	 itself	 in	 a	 systematic	way	and	within	 the	




[163].	 According	 to	 Chandler	 and	 Torbert,	 action	 research	 aims	 not	 only	 to	
understand	a	system,	but	also	to	present	the	future	conditions	of	the	system	[157].	
The	approach	is	focused	on	resolving	real	issues,	and	is	applied	in	real	conditions	and	




	 Scholars	 also	 praise	 the	 iterative	 nature	 of	 AR.	 Tripp	 says	 that	 AR	 is	 an	
approach	that	makes	use	of	different	techniques	to	provoke	changes	in	reality,	and	its	
iterative	 nature	 is	 possibly	 its	most	 distinguishing	 feature.	 The	 	 end	 of	 a	 cycle	 is	






Dick	 summarizes	 it,	 even	 when	 the	 word	 “participatory”	 is	 not	 used,	 the	 active	
participation	of	the	researcher	brings	several	benefits	to	the	approach,	such	as	the	
commitment	to	the	actions	that	were	agreed	upon,	the	commitment	to	information	
sharing,	 and	 the	 commissioning	 of	 the	 people	 involved	 in	 the	 effort	 [163].	 The	
participation	of	practitioners	in	the	process	is	also	important.	In	the	words	of	Village	





action	 researchers	 a	 key	 concept	 is	 a	 dual	 commitment	 to	 both	
participants	and	action.	Action	research	 is	done	with	rather	 than	on,	
the	participants	–	as	 is	often	stated.	 Ideally,	 the	participants	become	
equal	 partners	 and	 co-researchers.	 The	 research	 is	 done	 to	 provide	
learning	 and	 understanding	 (and	 theory)	 that	 can	 be	 used	 by	













[168].	 The	 action	 research	 approach	 would	 enable	 a	 much	 deeper	 and	 detailed	
understanding	of	the	organizations	when	compared	to	other	traditional	management	






information	 and	 generating	 insights	 about	 new	 product	 development,	 innovation	
management,	and	change	and	project	management	[170].	



























	 As	 previously	 stated,	 AR	 is	 more	 of	 a	 research	 approach	 than	 a	 research	
method.	 It	would	 frame	 the	way	 the	 researcher	 regards	 the	problem,	 the	way	 the	
researcher	interacts	with	the	people	involved	in	the	problem	and	most	importantly,	
AR	 would	 frame	 the	 way	 the	 researcher	 tries	 to	 solve	 the	 problem	 (research	
objective).	 In	 order	 to	 perform	 AR,	 the	 researcher	 has	 to	 actively	 engage	 with	
practitioners,	participating	 in	discussions,	 and	activities	 as	 a	member	of	 the	 team.	
Plus,	after	this	active	participation,	changes	have	to	be	proposed	and	implemented,	
aiming	 to	 change	 the	 status	 quo,	 and	 improve	 the	 practitioners’	 systems.	 If	 the	










































but	 a	 methodological	 approach	 (as	 explained	 above).	 As	 explained	 earlier,	 action	
research	requires	a	second	method	to	complement	it	[160].	That	assertion	is	proven	
by	 analyzing	 the	 literature	with	 an	 exception	made	 to	 the	 conceptual	 papers	 that	
discuss	action	research	as	an	approach,	rather	than	applying	it.	A	myriad	of	different	































with	 the	 important	criteria,	 sub	criteria,	and	alternatives	 for	 the	model	 [181].	The	
alternatives	 were	 construction	 items,	 and	 the	 results	 of	 the	 model	 application	
informed	 the	 company	 on	 its	 bottlenecks	 regarding	 items	 to	 purchase,	 ultimately	
feeding	them	with	information	of	how	to	improve	their	purchasing	strategy	[181].	In	






Schoenherr	 et	 al.,	 an	 AHP	 model	 was	 put	 together	 to	 work	 with	 a	 supply	 chain	
management	 problem	 in	 order	 to	 select	 the	 best	 offshore	 sourcing	 option	 for	 an	
American	manufacturing	company.[186].	The	authors	argued	the	need	to	use	AR	in	









instead	 of	 HDM;	 they	 did	 not	 mention	 looking	 at	 the	 literature	 for	 important	
criteria—apparently	the	practitioners	dictated	all	model	components;	there	was	no	
model	validation	process;	only	internal	experts	were	used	in	the	model	application—
no	 external	 sources	 were	 used	 to	 validate	 or	 quantify	 the	 model,	 leading	 to	 the	
creation	of	unique,	non-generalizable,	and	somewhat	biased	models;	the	model	was	
used	 to	 rank	 alternatives,	 unlike	 the	 present	 study’s	 approach	 of	 assessing	 an	
organization	 through	 a	 score;	 and	 no	 inconsistency,	 disagreement,	 or	 sensitivity	
analyses	were	conducted.	
	 To	 further	 the	 understanding	 of	 AR	 and	 its	 applicability	 in	 this	 research,	 I	
proceed	 now	 to	 present	 and	 analyze	 other	 methods	 that	 could	 be	 seen	 as	
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case	 studies	are	 ideal	 for	 situations	where	 the	 context	 that	 involves	 the	 subject	 is	
crucial	 to	 its	 understanding.	 For	 example,	 an	 experiment	 would	 mimic	 the	 real	
situation	but	would	do	so	in	such	a	way	as	to	completely	isolate	the	subject	from	its	
context	[190].	In	the	words	of	the	author,	“in	brief,	a	case	study	allows	investigators	






check	 their	 performance	 [193].	 As	 opposed	 to	 some	 other	 popular	 methods,	 e.g.	







	 Although	business	 studies	 are	 the	main	 area	where	 cases	 are	used,	 several	
different	application	areas	have	explored	the	method,	such	as	patent	analysis	[193],	






























Interviewing	 is	 a	 good	method	 to	 access	 information	 about	 how	 people	 perceive	
things	[202].	In	the	words	of	Weiss:	
	
“We	 can	 learn	 also,	 through	 interviewing,	 about	 people’s	 interior	
experiences.	 We	 can	 learn	 what	 people	 perceived	 and	 how	 they	
interpreted	their	perceptions.	We	can	learn	how	events	affected	their	









the	 researcher	 objective	 is	 to	 capture	 a	 person’s	 subjective	 understanding	 of	
something	 [201].	 As	 explained	 by	 Weiss,	 there	 are	 two	 types	 of	 interviews:	
quantitative	 (survey	 interviews)	 and	 qualitative	 (qualitative	 interviews).	 Survey	
interviews	have	an	advantage	of	being	very	precise	by	gathering	exactly	 the	same	
information	of	every	respondent	by	asking	the	same	questions,	and	by	allowing	only	






the	 outcomes	 (reports	 and	 interpretations)	 are	 able	 to	 bring	 a	 much	 better	 and	
deeper	understanding	of	the	respondents’	feelings	and	experiences	about	the	subject	
/	 event	 being	 studied	 [202].	 In	 a	 social	 sciences	 environment,	 Seidman	 created	 a	
three-interview	series	method	for	conducting	in-depth	interviews	[201].	It	consists	
of	 interviewing	each	person	 three	 times,	 for	90	minutes	 each	 time,	 and	having	an	
interval	of	 three	days	 to	 a	week	between	each	 interview.	The	questions	would	be	





	 There	 are	 several	 objectives	 that	 can	 be	 achieved	 by	 means	 of	 applying	
interviews,	 as	 it	 will	 be	 shown	 later	 in	 this	 study.	 As	 listed	 by	Weiss,	 developing	
detailed	 descriptions,	 integrating	 multiple	 perspectives,	 describing	 process,	
developing	 holistic	 description,	 learning	 how	 events	 are	 interpreted,	 bridging	
intersubjectivities,	 identifying	 variables	 and	 framing	 hypotheses	 for	 quantitative	






	 Regarding	 the	 application	 areas,	 interviews	 are	 applicable	 to	 virtually	 any	
situation	 in	 which	 the	 researcher	 wants	 to	 capture	 the	 participants’	 perceptions.	
Applications	 areas	 can	 be,	 but	 not	 limited	 to,	 mental	 health	 studies	 [200],	
motivational	 interviewing	 [203]–[208],	 technology	 innovation	 [209],	 and	 disease	
prevention	[210].	
	 As	 it	happens	with	case	studies,	 the	objectives	of	conducting	interviews	are	
not	to	change	the	practitioner’s	system,	but	rather	to	get	a	sense	of	what	the	study	
participants	 perceive	 regarding	 a	 particular	 issue,	 setting,	 or	 situation.	 Table	 22	










































	 Participant	 observation	 is	 another	 data	 collection	method,	 as	 evidenced	 by	
Chaudhry	et	al.	[211].	A	participant	observer	watches	the	other	participants	in	order	
to	understand	how	they	go	about	a	situation.	This	 is	very	popular	 in	ethnographic	
studies	 where	 the	 ethnographer	 uses	 participant	 observation	 to	 understand	 and	
describe	cultural	phenomena	and	cultural	behaviors	[212].	The	process	of	observing	
participants	in	a	real	setting	involves	the	registration,	interpretation,	and	recording	
of	 observations.	 The	 type	 of	 data	 it	 yields	 is	 circumscribed	 by	 the	 influence	 the	
observer	 exerts	 over	 the	 observed	 and	 vice	 versa	 [213].	 Although	 observing	 and	
taking	notes	would	 suffice	 in	 some	cases,	 video-taping	 is	 recommended	 for	better	
quality	observations	[214].	In	1955,	Schwartz	and	Schwartz	divided	the	participant	










between	 observer	 and	 observed.	 According	 to	 Spradley,	 there	 are	 five	 levels	 of	
interaction:	 Nonparticipation—the	 researcher	 is	 completely	 isolated/hidden	 and	
does	not	engage	with	other	participants;	passive	participation—the	researcher	is	in	
the	scene,	and	acts	as	a	“by-stander”,	but	does	not	engage	with	other	participants;	
moderate	participation—the	researcher	 is	 in	 the	scene	but	alternates	between	the	
passive	 and	 active	 types	 of	 observation;	 active	 participation—the	 researcher	
participates	 and	 does	 whatever	 the	 other	 participants	 do,	 observing	 ordinary	
participants	from	inside	the	situation;	complete	participation—this	type	occurs	when	








to	 the	details	of	 the	environment	and	people	around	them,	 the	participant	





• Wide-angle	 lens:	 A	 participant	 observer	 pays	 attention	 not	 only	 to	
“important”	details	of	a	situation,	but	also	pays	attention	to	“trivial”	details.	A	
participant	 observer	 is	 explicitly	 paying	 attention	 and	 pays	 attention	 to	 a	
wide	variety	of	trivial	situations	and	behaviors.	
• Introspection:	 Often	 times	 participant	 observers	 will	 participate	 in	 the	
activities	 they	 are	 observing	 and	 reflect	 on	 their	 own	 feelings	 and	
impressions	about	it	even		down	to	the	smaller	details.	Conversely,	ordinary	
participants	 do	 most	 of	 their	 actions	 “automatically”	 without	 giving	 any	
thought	about	it.	




	 Most	 of	 the	 studies	 that	 use	 participant	 observation	 as	 a	 data	 collection	
method	are	situated	in	the	social	sciences	or	health	sciences	realm.	However,	in	some	
cases,	 researchers	 in	 technology	management	 and	 business	 also	make	 use	 of	 the	
method.	 As	 a	 sample	 of	 application	 areas,	 there	 have	 been	 studies	 on	 childrens’	
behavior	 [215],	 critical	 care	 nursing	 [216],	 economics	 [211],	 psychiatric	 nursing	




	 In	 general,	 the	 objectives	 achieved	 by	 means	 of	 deploying	 participant	




























[222][223].	 This	method	 can	 be	 used	 to	 gather	 data	 from	 three	 distinct	 levels	 of	
analysis:	The	participant,	the	group	of	participants,	and	the	interaction	between	and	
among	them	[220].	As	explained	by	Greenbaum	in	his	1998	book,	focus	groups	can	be	
categorized	 into	 three	 groups:	 Full	 groups,	mini-groups,	 and	 telephone	 groups,	 as	
explained	below	[223]:	
• Full	groups:	8	to	10	persons	in	a	session	directed	by	a	trained	moderator	for	
about	 90	 to	 120	 minutes.	 Participants	 are	 chosen	 based	 on	 common	
characteristics,	such	as	demographics	or	market	interests.	
• Mini-groups:	4	to	6	persons	in	a	session	directed	by	a	trained	moderator	for	
about	 90	 to	 120	 minutes.	 Participants	 are	 chosen	 based	 on	 common	
characteristics,	such	as	demographics	or	market	interests.	
• Telephone	 groups:	 Participants	 engage	 in	 a	 teleconference	 directed	 by	 a	





group	 effort	 are:	 Authority	 of	 the	 moderator;	 using	 both	 verbal	 and	 non-verbal	
inputs;	benefitting	from	the	group	dynamics	in	the	room;	and	achieving	concentrated	











types	 of	 activity	 in	 order	 to	 achieve	 his/her	 objectives.	 Colucci	 lists	 nine	 types	 of	
activities/techniques	that	can	drive	discussions	in	focus	groups	[219].	


























wider	understanding	of	 their	reflections	on	the	subject	being	studied	 [224].	 In	 the	














positioning	 studies,	 habits	 and	 usage	 studies,	 packaging	 assessments,	 attitude	
studies,	advertising	evaluations,	promotion	evaluations,	idea	generation,	motivation	
studies	[223].	Application	areas	for	focus	groups	are,	among	others,	agriculture	[227],	
airline	 service	 [230],	 construction	 projects	 [228],	 [231],	 dementia	 care	 [221],	


























































While	 action	 research	 heavily	 focuses	 on	 producing	 changes	 in	 an	 organization’s	
systems,	 the	 other	 methods	 focus	 on	 identifying	 aspects,	 trends,	 constructs,	
describing	 actors	 and	 situations,	 or	 understanding	 issues.	At	 least	 in	 this,	 change-














their	 processes.	 Action	 research	 goes	 beyond	 the	 mere	 discussion	 of	 ideas	 and	
solutions	 because	 it	 discusses	 the	 situations,	 proposes	 changes,	 implements	 the	




day	 actions.	 As	 much	 as	 participant	 observation	 would	 be	 able	 to	 tell	 what	
practitioners	do	on	real	settings	and	not	only	what	they	think	about	something,	it	is	
important	to	capture	both	dimensions,	what	people	really	do,	and	what	they	think	
about	 it.	 Action	 research	 has	 the	 ability	 of	 capturing	 both	 dimensions.	 It	 is	 a	
tremendous	approach	for	discussing	issues	with	practitioners,	thus	capturing	their	
ideas	 and	 perceptions,	 and	 it	 is	 also	 very	 good	 for	 observing	 and	 working	 with	
practitioners	 in	 a	 real	 setting,	 thus	 enabling	 the	 researcher	 to	 contrast	 those	
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perceptions	 against	 what	 practitioners	 really	 do,	 thereby	 accounting	 for	 their	
challenges	and	everyday	 issues.	Moreover,	AR	provides	a	perfect	 “finishing	 touch”	
when	it	implements	novelties	in	a	system	and	analyzes	those	changes,	then	starts	the	
cycle	over.	These	characteristics	make	action	research	a	good	aid	in	the	development	
of	 the	model,	which	 is	 composed	 of	 items	 coming	 from	 the	 literature	 (knowledge	
accumulated	by	decades	of	 other	 studies),	 and	also	 items	 coming	 from	a	practical	
experience	 that	 takes	 into	account	observations	of	practitioners,	 their	perceptions	
and	ideas,	and	also	their	behavior	and	real	actions	and	challenges..	Lastly,	consistent	
with	 what	 was	 presented	 and	 discussed	 in	 the	 research	 gaps	 section,	 current	
technology	transfer	literature	does	not	demonstrate	studies	capturing	the	entirety	of	
relevant	 factors	 involved	 in	 technology	 transfer,	 hence	 the	 need	 for	 an	 additional	
source	of	information	(coming	from	practitioners	through	the	action	research	piece)	
when	building	a	model	such	as	the	one	in	this	study.	
	 Nevertheless,	 as	 evidenced	 by	 the	 information	 brought	 by	 the	 literature	
review,	it	would	be	unfair	to	directly	and	fully	compare	action	research	with	the	other	
methods	 discussed	 here,	 namely	 interviews,	 participant	 observation,	 and	 focus	
groups	since	those	are	data	collection	methods,	whereas	action	research	is	a	research	
approach.	In	an	analogy	using	organizational	structure,	action	research	would	sit	at	






	 Compared	 to	 the	 traditional	way	 of	 developing	HDM	models,	 the	 proposed	
approach	is	more	of	an	addition	rather	than	a	drastic	change.	All	of	the	components	
of	 a	 traditional	 HDM	 deployment	 are	 still	 present,	 namely	 literature	 review,	
consultation	 with	 experts,	 model	 validation	 and	 so	 on,	 hence	 there	 is	 no	
methodological	 risk.	 The	 novelty	 here	 is	 to	 take	 advantage	 of	 the	 action	 research	










cycle,	 e.g.,	 one	 could	 discuss	 and	 propose	 changes	 in	 the	 system	 (with	 the	
participation	of	practitioners),	and	then	implement	and	analyze	the	changes	as	a	case	
study.	 Nevertheless,	 if	 the	 proposed	 changes	 did	 not	 involve	 active	 work	 and	
discussions	with	practitioners	(changes	based	only	on	the	 literature,	 for	example),	
the	 implementation	would	be	 a	 case	 study,	 but	 the	 approach	would	not	be	 action	
research.	
	 Finally,	in	addition	to	serving	as	an	enhancement	of	the	data	collection	for	the	
model,	 there	 is	another	advantage	of	using	action	research	as	an	aid	 for	HDM..	By	
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more	 distant	 and	 isolated	 approach,	 such	 as	 consulting	 the	 literature	 and	 rapidly	
consulting	with	experts	to	validate	the	model,	using	quick	interviews,	or	focus	groups	
/	participant	observation	sessions.		
















	 Hierarchical	 Decision	 Modeling	 (HDM)	 is	 a	 Multi-Criteria	 Decision	 Making	
(MCDM)	method	that	was	developed	in	the	1980s	by	Kocaoglu	[235].	The	basic	idea	
of	 HDM	 is	 to	 represent	 the	 problem	 in	 a	 hierarchical	 format	 so	 that	 the	 decision	
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makers	 can	 visualize	 which	 items	 (criteria	 and	 sub-criteria)	 can	 affect	 the	
objective/mission.	According	to	Munkongsujarit	et	al.,	HDM	helps	the	decision	maker	
by	 presenting	 the	 decision	 problem	 as	 a	 cascade	 of	 problems	 that	 are	 simpler	 to	
handle	 [236].	 This	model	 breaks	 down	 the	 various	 elements	 of	 the	 problem	 into	
smaller	sub-problems	such	that	the	decision	problem	is	represented	as	a	hierarchy	
[237].	 HDM	 is	 a	 tool	 used	 in	 decision	making	 to	 rank	 and	 evaluate	 the	 available	
alternatives	 and	 to	 determine	 the	 best	 among	 them	 [236].	 It	 is	 a	 tool	 that	 helps	






the	 decision	 makers	 by	 providing	 a	 systematic	 way	 to	 evaluate	 all	 available	
alternative	 solutions	 to	 the	 problem	 according	 to	 the	 relative	 importance	 of	 the	
criteria,	and		then	to	identify		the	best	possible	solution	[236].	
	 The	 basic	 structure	 of	 HDM	 can	 vary	 depending	 on	 the	 needs	 of	 each	
application.	The	most	traditional	structure		contains	five	levels:		:	Mission,	Objectives,	
Goals,	 Strategies,	 and	 Actions	 (MOGSA),	 as	 shown	 in	 Figure	 6.However,	 simpler	
structures	can	be	used,	such	as	a	three-level	model	containing	Mission,	Criteria,	and	








objective,	 criteria,	 sub-criteria,	 and	 alternatives.	 The	 experts	 make	 pair-wise	
comparisons	among	the	items	(criteria,	sub-criteria,	and	alternatives)	in	the	model	to	













































[242],	 solar	 photovoltaic	 technologies	 [239],	 health	 technology	 assessment	 [243],	
semiconductors	industry	[238],	energy	[244],	and	technology	transfer	[245],	among	
others.	
	 Engineering	 and	 research	 managers	 are	 frequently	 faced	 with	 multilevel	
decisions	under	conflicting	objectives	and	criteria.	They	develop	technical	strategies	
to	fulfill	multiple	goals,	allocate	resources	to	implement	multiple	strategies,	and	to	
evaluate	 their	 projects	 and	 programs	 in	 terms	 of	 time,	 cost,	 and	 performance	
characteristics	 [235].	 As	 the	world	 has	 become	more	 complex,	 decision	 problems	
have	 followed	 suit	 and	 organizations	 must	 contend	 with	 increasingly	 complex	




choosing	 the	 right	 method	 to	 aid	 in	 the	 decision	 process	 can	 be	 the	 difference	
between	 success	 and	 failure	 [237].	 Still	 according	 to	 the	 same	 authors,	 the	 best	
decision	model	to	use	when	subjective	judgment	is	needed	to	evaluate	and	select	a	
solution	with	many	criteria	is	the	Hierarchical	Decision	Model	(HDM)	[237].		
	 The	 HDM	method	 is	 very	 similar	 to	 the	 Analytic	 Hierarchy	 Process	 (AHP),	
developed	by	Saaty	[247].	Both	methods	are	significantly	similar	in	their	approach	
and	 structure,	 and	 they	 produce	 nearly	 identical	 results.	 In	 truth,	 HDM	 can	 be	
regarded	as	a	variant	of	AHP	[248].	There	is	a	difference	between	the	two	methods	

















can	 also	 be	 tackled	 by	 HDM	 and	 vice-versa,	 and	 results	 would	 be	 similar,	 but	
Kocaoglu’s	method	would	yield	more	accurate,	 flexible,	and	 fast	 results	due	 to	 the	
scale	used	[248].	Additionally,	 the	greater	granularity	of	 the	constant-sum	method	
has	 been	 praised	 for	 offering	 better	 control	 in	 the	 importance	 estimates	 [252].	
Previous	 research	 has	 criticized	 Saaty’s	 scale,	 particularly	 concerning	 its	
discretization	and	how	it	could	negatively	influence	results	[253],	[254].	
	 The	 concept	 of	 desirability	 functions	 is	 used	 to	 calculate	 the	 technology	




for	each	 factor.	 In	other	words,	 it	 is	an	attempt	 to	embed	 the	utility	curve	of	each	
factor	into	the	model.	For	each	of	the	factors	in	the	model,	levels	(or	metrics)	are	set	
and	 experts	 are	 prompted	 to	 assign	 a	 desirability	 value	 for	 each	 of	 those	 levels	















































	 The	 great	 advantage	 of	 using	 desirability	 functions	 is	 the	 flexibility	 they	





the	 experts	 and	 start	 the	 quantification	 process	 anew	 with	 every	 change	 in	 the	














importance)	 is	 calculated	 by	multiplying	 its	 local	 importance	 (relative	 only	 to	 the	
layer	above	it)	by	the	importance	of	its	“parents”	relative	to	the	first	layer.	Bringing	
this	rationale	of	using	three	layers	to	this	study’s	model,	the	calculation	of	the	factors’	
importance	 relative	 to	 the	 mission,	 the	 Organizational	 TT	 score,	 is	 given	 by	 the	
following	equation:	
	














	 After	 having	 the	 importance	 of	 each	 factor	 relative	 to	 the	 mission,	 the	




















seriously	 compromised.	 Moreover,	 because	 the	 analyses	 are	 based	 on	 pair-wise	










o HDM	 transforms	 experts’	 qualitative	 judgments	 into	 quantitative	













comes	 the	 challenge	 of	 inaccuracies,	 logical	 inconsistencies,	 and	
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disagreements.	 Again,	 as	 all	 of	 the	 experts	 are	 human,	 one	 should	
expect	them,	to	a	certain	degree,	to	be	inaccurate,	logically	inconsistent,	
and	for	there	to	be	 	disagreement	among	them.	These	challenges	are	
impossible	 to	 eliminate.	 Instead,	 a	 good	HDM	 application	 accurately	
measures	 the	 levels	 of	 inconsistency	 and	 disagreement,	 contrasting	




o Another	 important	 limitation	 of	 HDM	 is	 its	 lack	 of	 flexibility	 and	
adaptability	 regarding	 changes.	 It	 is	 unlikely	 that	 the	 problem	 the	
researcher	is	trying	to	tackle	will	be	immune	to	changes,	be	it	changes	
in	the	priorities	(importance)	of	the	model	components,	changes	in	the	











are	 no	 definitive	 solutions	 to	 this	 limitation,	 sensitivity	 analysis	 is	 a	
good	way	of	being	aware	of	how	robust	the	model	is	and	how	well	it	
would	 respond	 to	 these	 changes	 thus	 providing	 the	 researcher	with	
enough	information	to	realize	when	the	model	should	be	altered.	
	 As	opposed	to	 its	weaknesses	and	limitations,	 the	HDM	method	has	several	
advantages	and	strengths.	For	instance,	if	the	decision	maker	finds	and	has	access	to	
experts,	all	the	reasoning	and	analyses	will	rest	upon	their	opinions,	which	makes	the	










Multi-Criteria	 Decision-Making	 Models	 (MCDM),	 such	 as	 Analytical	 Hierarchical	
Process	(AHP)	and	Hierarchical	Decision	Modeling	(HDM).	According	to	Khabiri	et	al.,	
qualitative	methods	define	activities	of	those	who	are	 involved	in	the	process,	and	




































of	 dealing	 with	 technology	 transfer.	 Within	 the	 subjective	 models,	 Multi-Criteria	







broadcasting	 models	 [38];	 multi	 constituency	 models	 [35];	 climate-friendly	
technology	transfer	models	[4].		
	 Should	the	researcher	choose	to	use	more	mathematics-leaning	methods,	such	
as	 non-linear	 differential	 equation,	 fuzzy	 set	 theory,	 or	 any	 other	 mathematical	
models,	 the	most	 important	advantage	would	be	 the	objectivity	of	 those	methods.	
Mathematical	models	would	provide	the	researcher	with	much	more	consistent	and	






be	 especially	 interesting	 when	 planning	 for	 the	 deployment	 of	 different	 transfer	
mechanisms,	depending	on	the	scenario	that	becomes	reality.		
	 Interviews	 are	 an	 interesting	 data	 collection	 approach	 that	 can	 be	 used	on	
virtually	any	 issue	 involving	human	subjects.	 It	 is	powerful	enough	 to	gather	high	
fidelity	information	about	how	important	stakeholders	feel	about	something	or	the	
way	 they	 regard	 a	 certain	 issue,	 and	 that	 information	 can	 be	 used	 to	 explain	 or	
describe	 issues	 or	 even	 to	 formulate	 hypotheses	 to	 be	 later	 tested	 through	 data	




applications.	 Its	main	 strength,	 for	 technology	 transfer	 purposes,	 is	 being	 able	 to	
easily	and	quickly	identify	and	measure	interactions	and	interdependencies	between	
different	technologies	and	players,	in	a	way	that	no	other	method	can.	It	is	used	to	



















technology	 transfer	 process.	 They	 would	 provide	 practitioners	 with	 standardized	
levels	 of	 excellence	 in	 a	 certain	 area,	 but	without	 the	 aid	 of	 another	method	 they	
would	 leave	 the	 practitioner	 lost	 on	 how	 to	 contrast	 the	 organization’s	 practices	
against	the	pre-established	levels,	not	to	mention	the	lack	of	guidelines	on	how	to	go	
about	moving	up	the	maturity	ladder.	
	 Scenarios,	 although	 useful	 for	 preparation	 purposes,	 do	 not	 have	 a	 strong	
enough	 analysis	 component	 to	 evaluate	 an	 organization’s	 practices,	 and	 thus	 are	
insufficient	 to	 tackle	 the	 intended	 technology	 transfer	 situation.	 Similarly,	 social	
network	analysis	is	not	a	good	choice	to	analyze	an	organization’s	processes	either.	
Additionally,	 SNA	 studies	 usually	 give	 information	 on	 a	 narrow	 scope,	 such	 as.	
collaborative	R&D	on	a	specific	topic	through	co-authorship	or	join	patents	networks,	






at	 gathering	 qualitative	 data	 from	 literature	 or	 from	 experts,	 They	would	 bring	 a	
detailed	portrait	 of	 the	problem,	with	 all	 its	 complexity,	 but	 fail	 to	 go	beyond	 the	















not	 help	 them	 in	 a	 way	 that	 measures	 the	 effectiveness	 of	 their	
processes,	 nor	 as	 a	 guide	 on	 how	 to	 improve	 these	 processes.	 The	






























	 As	 previously	 explained,	 an	 action	 research	 project	was	 conducted,	 and	 its	
results	were	used	to	aid	in	the	initial	model	development.	Simultaneously,	a	literature	



















the	 subject	 whatsoever,	 has	 contact	 with	 the	 basic	 rules,	 conditions,	 and	
environment	surrounding	the	studied	subject.	
• Stage	2	–	Advanced	beginner:	The	novice,	having	now	a	little	experience,	starts	
to	develop	a	wider	understanding	about	 the	 subject	 and	 to	notice	different	
features	and	aspects	of	the	studied	subject.	
• Stage	3	–	Competence:	The	beginner	understands	how	complex	the	subject	is,	
and	 can	 be	 overwhelmed	with	 the	 amount	 of	 information,	 complexity,	 and	
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it	 can	 be	 a	 valuable	 resource	 for	 researchers,	 when	 compared	 with	 doing	 only	 a	




develop	qualitative	 issues,	 including	 the	 creation	of	 conceptual	models	 [260].	 The	
authors	also	highlight	the	value	of	expert	panels	in	enhancing	the	research,	bringing	
betterments	to	the	assessment	being	conducted	[260].	Reaffirming	this	point,	Morgan	




	 The	 most	 important	 challenges	 in	 working	 with	 expert	 opinions	 are	 the	
potential	 biases	 and	 their	 overconfidence	 in	 judging	 subjects	 and	 situations	 they	
know	well	[262].	In	the	words	of	Morgan,	“because	experts	are	human,	there	is	simply	
no	way	to	eliminate	cognitive	bias	and	overconfidence”	[261,	p.	7183].	Identifying	and	
recruiting	 the	best	experts	 to	 the	 situation,	 and	at	 the	 same	 time	making	sure	 the	
results	 of	 the	 panel	 are	 reliable	 is	 also	 a	 significant	 challenge	 [263],	 [264].
	 Balancing	 the	experts	panel	 is	also	a	concern,	and	 to	make	sure	each	panel	





utilizing	 sub-groups	 of	 experts	 as	 small	 as	 five	members	 [266]	 or	 three	members	
[264].	Since	dealing	with	a	large	number	of	experts	augments	the	process	complexity	
exponentially,	 it	 has	 been	 argued	 that	 the	maximum	amount	 of	 experts	 per	 panel	
should	 be	 12	 [260].	 Leveraging	 the	work	 done	 in	 past	 dissertations	 [245],	 [263],	









only	 the	 person	 should	 be	 an	 expert,	 but	 also	 he/she	 should	 be	 willing	 to	 fully	
participate	in	the	study,	as	to	spend	enough	time	and	attention	taking	care	of	their	
tasks	as	an	expert	[263],	[266],	[267].	



























attachments	 explaining	 the	 objectives	 of	 the	 research	 and	 explaining	 the	 model.	
Firstly,	 an	 online	 survey	 instrument	was	 sent,	 and	 experts	 quantified	 the	model’s	
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desirability	 levels,	 and	 after	 in-depth	 discussions,	 the	 levels	 were	 validated	 and	
quantified,	generating	the	curves	that	will	be	presented	later	in	this	dissertation.	 	
7th	step	–	Model	Application	and	Analysis	
	 As	the	research	approach	 last	step,	 the	model	was	applied	using	Bonneville	













as	 disagreement	within	 an	 individual’s	 evaluation”	 [245,	 p.	 75].	 In	 the	 words	 of	
Abotah,	“inconsistency	is	a	measure	that	explains	how	reliable	and	homogeneous	in	
his	or	her	answers	each	expert	was	through	the	whole	questionnaire”	[263,	p.	65].	In	




three	 times	 better	 than	 C,	 then	 A	must	 be	 six	 times	 better	 than	 C,	 if	 one	 is	 to	 be	
logically	 consistent	 (cardinal	 consistency).	 Chan	 argues	 that	 inconsistencies	 in	





“For	 n	 elements,	 the	 constant	 sum	 calculation	 results	 in	 a	 vector	 of	
relative	 values	 r1,	 r2,	 …,	 rn	 for	 each	 of	 the	 n!	 orientations	 of	 the	
elements.	For	example,	if	three	elements	are	evaluated,	n	is	3,	and	n!	is	
6.	The	6	orientations	would	be	ABC,	ACB,	BAC,	BCA,	CAB,	and	CBA.	If	an	
expert	 is	 consistent	 in	 providing	 pairwise	 comparisons,	 the	 relative	
values	 are	 consistent	 for	 each	 orientation.	 However,	 if	 an	 expert	 is	
inconsistent	in	providing	pairwise	comparisons,	the	relative	values	are	








































[245],	 [263],	 [264],	 [266],	 [268],	 the	 inconsistency	 level	should	not	be	higher	 than	
10%,	 in	order	to	be	taken	as	acceptable.	Should	the	 inconsistency	 level	exceed	the	
10%	mark,	a	more	careful	consideration	should	be	taken,	e.g.,	the	most	inconsistent	




of	 large	 inconsistencies,	 another	method	 of	 calculating	 the	 inconsistency	 could	 be	
used	 to	 further	 analyze	 the	matter,	 such	 as	 the	 root-sum	 of	 variances	 created	 by	
Abbas	[248].	His	method	utilizes	the	root-sum	of	the	variances	(RSV),	and	it	takes	into	























































round	 of	 judgments	 could	 be	 conducted	with	 the	 aim	 of	 reaching	 a	 consensus	 or	





























level	would	 be	 10%	 or	 less	 [245],	 [263],	 [267],	 [268].	 Hierarchical	 agglomerative	
clustering	 (HAC)	 has	 also	 been	 used	 in	 previous	 dissertations	 to	 complement	 the	









	 The	 ICC	would	be	 at	 the	 same	 time	a	measure	of	 intra-rater	 reliability	 and	









the	 most	 proper	 ICC	 model	 and	 its	 features	 [269].	 Considering	 the	 needs	 of	 a	
researcher	 using	 HDM	 and	 also	 considering	 what	 has	 been	 done	 in	 previous	
dissertations	 [265],	 the	 most	 proper	 choice	 of	 applying	 ICC	 would	 be	 to	 use	 the	
following	model,	form,	and	type:	
• Model	–	Two-way	random	effects	ANOVA	












average	 measures	 would	 be	 selected	 if	 each	 rater	 were	 to	 make	
multiple	measurements	per	case	and	the	average	was	being	taken,	e.g.,	
when	nurses	take	multiple	measurements	of	blood	pressure	from	each	




measurements,	 but	 also	 the	 absolute	 agreement.	 In	 this	 sense,	
consistency	 happens	 if	 measurements	 from	 different	 raters	 vary	
consistently.		Even	if	the	measurements	are	patently	different,	absolute	
agreement	 happens	 only	 if	 measurements	 are	 exactly	 the	 same.	 In	
other	 words,	 the	 consistency	 type	 measures	 correlation,	 while	 the	
absolute	value	type	measures	absolute	agreement.	For	example,	if	two	
experts	 measured	 desirability	 values	 as	 10;20;30	 and	 50;60;70	
respectively,	 the	 ICC	using	consistency	 type	would	be	a	perfect	1.00,	
because	 both	 sets	 of	 values	 vary	 consistently	 (a	 10-point	 increase	
between	each	value).	However,	the	ICC	using	the	absolute	agreement	
type	 would	 be	 less	 than	 1.00,	 because	 the	 values	 are	 not	 identical.	
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According	 to	 Trevethan,	 in	 order	 to	 avoid	 inflated	 coefficients	 the	




















the	 null-hypothesis	 will	 be	 that	 the	 variances	 are	 equal),	 the	 population	 has	
approximately	a	normal	distribution,	and	the	samples	must	be	independent	events	
[272].	The	work	done	by	Shrout	and	Fleiss	in	1979	used	ICC	as	a	basis	and	F-test	to	
check	 the	 disagreement	 levels	 between	 raters	 [273].	 It	 tests	 a	 null	 hypothesis	

















	 In	 this	 research,	 the	 PCM	 group	 disagreement	 index	 will	 be	 used	 with	 a	
maximum	allowed	 level	 of	 10%.	 For	 those	 expert	 panels	where	 the	 disagreement	
level	 exceeds	 the	 maximum	 allowed	 value	 (if	 any),	 Hierarchical	 Agglomerative	
Clustering	(HAC)	analysis	will	be	used	to	identify	and	understand	sub-groups	within	
the	panels.,	 It	will	 then	analyze	 the	disagreement	 levels	 for	 those	 sub-groups,	 and	
ultimately	 project	 how	much	 impact	 on	 the	 final	 results	 (TT	 score)	 the	 different	
judgments	of	these	sub-groups	would	have.	
Sensitivity	Analysis	
	 The	 impacts	 of	 potential	 changes	 in	 the	 values	 on	 the	 different	 levels	 of	 a	
model	is	done	by	conducting	a	sensitivity	analysis.	This	test	is	important	because	the	
preset	priorities	(or	weights)	of	a	model’s	components	might	change	overtime	[267],	













For	 instance,	 the	 final	 ranking	 of	 the	 alternatives	 might	 be	 altered	 if	 the	 criteria	
relevance	 is	 altered,	 and	 the	 sensitivity	 analysis	 would	 measure	 how	 strong	 or	
disruptive	these	changes	would	be.	Bringing	the	same	reasoning	to	this	study’s	model,	
the	sensitivity	analysis	will	indicate	the	changes	in	the	final	organizational	TT	score	
caused	 by	 alterations	 in	 the	 perspective’s	 relevance.	 This	 could	 be	 particularly	
interesting	 if	 one	 is	 to	use	 the	model	 to	 compare	different	departments	within	an	
organization	 or	 to	 compare	 different	 organizations.	Moreover,	 when	 applying	 the	
model	to	only	one	case,	changing	the	weights	of	the	perspectives	could	prompt	the	
technology	 manager	 to	 change	 his/her	 reasoning	 when	 prioritizing	 factors	 to	 be	
tackled.	For	example,	if	the	technical	perspective	is,	by	far,	the	most	relevant,	weak	
factors	under	the	technical	perspective	should	be	prioritized,	even	if	the	organization	




	 Scenarios	 can	be	used	 to	 test	how	much	 the	 ranking	would	be	 altered	 in	 a	
particular	setting	(for	example,	 if	one	of	 the	 top-level	priorities	 is	overwhelmingly	











𝜆 ≥ 𝑃:V. 𝜆V 	
for	the	perturbation		𝑃_∗V 	where	
−𝐶_∗V ≤ 𝑃_∗V ≤ 1 − 𝐶_∗V 		
and	
𝜆 = 𝐶bc − 𝐶bd"c 		
and	
















[𝛿:eV , 𝛿𝐶:di ]	
and	the	sensitivity	coefficient	is	given	by:	









	 Content	 validity	 is	 the	 first	 measure,	 and	 it	 is	 used	 throughout	 the	
development	of	the	research	model.	It	refers	to	the	ability	of	the	model	contents	to	
properly	represent	all	relevant	aspects	and	elements	pertaining	to	the	research	topic.	
In	 this	 case,	 subject	matter	experts	were	 identified	and	contacted	 to	validate	each	
element	of	the	model,	having	the	freedom	to	suggest	edits	to	it,	be	it	to	remove	items,	
add	new	items,	or	sort	and	organize	items	within	the	model	in	a	different	fashion.	
	 Construct	 validity	 is	 the	 second	measure,	 and	 it	 is	 used	 after	 the	model	 is	
developed.	 It	refers	 to	 the	 fitness	of	 the	research	approach	to	past	and	underlying	




with	 faculty	members	 and	 doctoral	 students	 in	 the	 ETM	 department.	 Those	 have	
accumulated	experience	 in	research	 in	the	energy	realm,	and	who	are	also	subject	
matter	experts	concerning	hierarchical	decision	models.	
	 Criterion-related	 validity	 is	 the	 final	 measure,	 and	 it	 takes	 place	 after	 the	











	 Before	presenting	 the	model,	 its	 components	are	 listed	by	source.	Table	27	

































	 The	 above	 listed	 factors	 were	 organized	 into	 five	 perspectives:	 Human	




































































































































































































































per	 panel,	 following	 previous	 studies	 [19],	 [263],	 [267],	 [268],	 and	 also	 taking	 as	
precedent	past	studies	using	as	little	as	three	experts	per	panel	[264],	[266],		while	
keeping	 in	 mind	 that	 the	 quality	 of	 experts	 is	 paramount	 and	 trumps	 the	 mere	





	 The	distribution	of	 experts	 across	 the	model	was	done	 in	 a	way	 as	 to	 take	
advantage	of	each	expert	expertise	and	to	avoid	expert	“overuse”	in	order	to	mitigate	
potential	 bias	 and	 logical	 inconsistencies,	while	maintaining	 their	willingness	 and	

















where	 a	 holistic	 view	 of	 the	 business	 needs	 is	 required.	 Project	 managers	 were	
assigned	to	parts	of	the	model	where	knowledge	and	experience	regarding	the	daily	
issues	 and	 details	 of	 R&D	 management	 and	 technology	 transfer	 are	 required.	
Medium-level	managers	were	assigned	to	sections	of	the	model	where	a	tactical	view	








































Expert	 Title	 Background	 Category	
1	 Program	Manager	 Industry	 Middle	manager	
2	 Senior	Research	Scientist	 Industry	 Middle	manager	
3	 Program	Manager	 Industry	 Middle	manager	
4	 Director	(Retired)	 Industry	 Senior	manager	
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5	 Program	Manager	 Government	 Middle	manager	
6	 Managing	Partner	 Industry	 Senior	manager	
7	 Professor	 Academia	 Researcher	
8	 Technology	Transfer	Officer	 Academia	 Senior	manager	
9	 Professor	 Academia	 Researcher	
10	 Professor	 Academia	 Researcher	
11	 Planning	Analyst	 Industry	 Project	manager	
12	 President	 Industry	 Senior	manager	
13	 Professor	 Academia	 Researcher	
14	 Senior	Consultant	 Industry	 Middle	manager	
15	 Professor	 Academia	 Researcher	
16	 Systems	Engineer	 Government	 Middle	manager	
17	 Professor	 Academia	 Researcher	
18	 Professor	 Academia	 Researcher	
19	 Professor	 Academia	 Researcher	
20	 Director	 Government	 Senior	manager	
21	 Technology	Transfer	Manager	 Government	 Project	manager	
22	 Technology	Transfer	Director	 Government	 Senior	manager	
23	 Professor	 Academia	 Researcher	
24	 Professor	 Academia	 Researcher	
25	 Professor	 Academia	 Researcher	
26	 R&D	Manager	 Industry	 Middle	manager	
27	 Project	Manager	 Industry	 Project	manager	
28	 Director	 Industry	 Senior	manager	
29	 CEO	 Industry	 Senior	manager	
30	 Technology	Transfer	Director	 Academia	 Middle	manager	
31	 COO	 Industry	 Senior	manager	
32	 VP	Commercialization	 Academia	 Senior	manager	
33	 Assistant	Director	 Academia	 Middle	manager	
34	 Business	Operations	Director	 Academia	 Middle	manager	
35	 R&D	Manager	 Industry	 Middle	manager	
36	 Innovation	Associate	 Academia	 Middle	manager	
37	 Senior	Project	Manager	 Government	 Project	manager	
38	 Director	 Industry	 Senior	manager	
39	 Technology	Transfer	Director	 Government	 Senior	manager	
	
	 Having	 recruited	 the	 experts	 and	 having	 in	 mind	 the	 rationale	











4 Director (retired) Industry Senior manager 
6 Managing Partner Industry Senior manager 
7 Professor Academia Researcher 
13 Professor Academia Researcher 
15 Professor Academia Researcher 
20 Director Government Senior manager 
24 Professor Academia Researcher 
	
Table	33	-	Panel	2	
Panel Purpose Expert Title Background Category 
2 
Validation 




11 Planning Analyst Industry Project manager 
18 Professor Academia Researcher 
20 Director Government Senior manager 
21 Technology Transfer Manager Government 
Project 
manager 
27 Project Manager Industry Project manager 
39 TT Director Government Senior manager 
	
Table	34	-	Panel	3	






1 Program Manager Industry 
Middle 
manager 
2 Senior Research Scientist Industry 
Middle 
manager 





8 Technology Transfer Officer Academia 
Senior 
manager 
12 President Industry Senior manager 
14 Senior Consultant Industry 
Middle 
manager 
16 Systems Engineer Government 
Middle 
manager 





Government Senior manager 
28 Director Industry Senior manager 





Academia Middle manager 










3 Program Manager Industry Middle manager 
5 Program Manager Government Middle manager 
11 Planning Analyst Industry Project manager 
17 Professor Academia Researcher 
19 Professor Academia Researcher 
23 Professor Academia Researcher 
26 R&D Manager Industry Middle manager 
27 Manager Industry Project manager 
33 Assistant Director Academia Middle manager 











1 Program Manager Industry Middle manager 
3 Program Manager Industry Middle manager 
7 Professor Academia Researcher 
13 Professor Academia Researcher 
14 Senior Consultant Industry Middle manager 
21 Technology Transfer Manager Government Project manager 
34 Business Operations Director Academia Middle manager 
36 Innovation Associate Academia Middle manager 
		
Table	37	-	Panel	6	






2 Senior Research Scientist Industry Middle manager 
4 Director (retired) Industry Senior manager 
6 Managing Partner Industry Senior manager 
8 Technology Transfer Officer Academia Senior manager 
16 Systems Engineer Government Middle manager 
22 Technology Transfer Director Government Senior manager 
28 Director Industry Senior manager 
29 CEO Industry Senior manager 
31 COO Industry Senior manager 
32 VP of Commercialization Academia Senior manager 
39 Technology Transfer Director Government Senior manager 
		
Table	38	-	Panel	7	





6 Managing Partner Industry 
Senior 
manager 
10 Professor Academia Researcher 
13 Professor Academia Researcher 
20 Director Government Senior manager 
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31 COO Industry Senior manager 
	
Table	39	-	Panel	8	
Panel Purpose Expert Title Background Category 
8 
Quantification 
of Factors - HR 
and 
Stakeholders 
17 Professor Academia Researcher 





Government Project manager 
23 Professor Academia Researcher 





Panel Purpose Expert Title Background Category 
9 
Quantification 
of Factors - 
Organizational 
Culture 
1 Program Manager Industry Middle manager 
8 Technology Transfer Officer Academia 
Senior 
manager 
14 Senior Consultant Industry Middle manager 
16 Systems Engineer Government Middle manager 
22 Technology Transfer Director Government 
Senior 
manager 
28 Director Industry Senior manager 
32 VP of Commercialization Academia Senior manager 
36 Innovation Associate Academia Middle manager 
		
Table	41	-	Panel	10	





of Factors - 
Technical 
3 Program Manager Industry 
Middle 
manager 
5 Program Manager Government 
Middle 
manager 
17 Professor Academia Researcher 







Government Project manager 
	
Table	42	-	Panel	11	
Panel Purpose Expert Title Background Category 
11 
Quantification 
of Factors - 
Process 
1 Program Manager Industry 
Middle 
manager 
7 Professor Academia Researcher 
13 Professor Academia Researcher 







Government Project manager 
26 R&D Manager Industry Middle manager 





Panel Purpose Expert Title Background Category 
12 
Quantification 
of Factors - 
Strategic 
Alignment 
6 Managing Partner Industry 
Senior 
manager 
8 Technology Transfer Officer Academia 
Senior 
manager 
16 Systems Engineer Government 
Middle 
manager 
22 Technology Transfer Director Government 
Senior 
manager 
24 Professor Academia Researcher 
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28 Director Industry Senior manager 
31 COO Industry Senior manager 























	 In	 order	 to	 validate	 the	 perspectives,	 a	 minimum	 of	 three-quarters	 (75%)	
acceptance	 rate	was	 used,	 i.e.	 if	 less	 than	 75%	of	 the	 experts	 agreed	 on	 a	 certain	
perspective,	it	would	be	removed	from	the	model	[276].	The	survey	instrument	was	
sent	 to	 all	 experts	 in	 the	 panel,	 and	 100%	 of	 them	 accepted	 the	 proposed	
perspectives,	 as	 shown	 in	Table	44.	As	a	 result,	 all	 five	original	perspectives	were	
kept.	 Some	 new	 items	 were	 suggested	 for	 the	 perspectives	 level.	 However,	 after	
deliberating	with	the	experts	that	made	the	suggestions,	it	was	determined	that	all	
suggested	items	were	already	being	accounted	for	in	the	model,	either	in	the	factors	
















HR and Stakeholders 7 0 7 100% 
Organizational Culture 7 0 7 100% 
Technical 7 0 7 100% 
Process 7 0 7 100% 



























2 HR and Stakeholders 
TT team and training 6 0 6 100% 
TT ecosystem mgmt. 5 1 6 83.3% 
Stakeholders mgmt. 6 0 6 100% 
Senior mgmt. 
involvement 5 1 6 83.3% 
	
Table	46	-	Factors	Validation	Results	for	“Organizational	Culture”	
















3 Organizational Culture 
Communication and 
knowledge mgmt. 12 1 13 92.3% 
Funding 12 1 13 92.3% 
Absorptive capacity 12 1 13 92.3% 






















TRL assessment 10 0 10 100% 
Data mgmt. 7 3 10 70% 
Technology valuation 10 0 10 100% 
Proposal assessment 8 2 10 80% 
	
Table	48	-	Factors	Validation	Results	for	“Process”	

















Benefit mgmt. 8 0 8 100% 
Risk mgmt. 8 0 8 100% 
Outcomes and 
decisions 8 0 8 100% 
TT mechanisms mgmt. 8 0 8 100% 
	
Table	49	-	Factors	Validation	Results	for	“Strategic	Alignment”	
















6 Strategic Alignment 
Value, impact and 
applicability mgmt. 10 1 11 90.9% 
Business plan and use 
case 10 1 11 90.9% 
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TT planning, control 
and flexibility 11 0 11 100% 
Continuity of TT 
process 10 1 11 90.9% 
Parallel processes 
integration 11 0 11 100% 
	
	 As	seen	in	the	tables	above,	all	factors	had	an	acceptance	rate	higher	than	the	
75%	 threshold,	 except	 for	 “data	 management”	 under	 the	 “technical”	 perspective,	
which	was	removed	from	the	model.	Additionally,	several	new	items	were	suggested	
under	 each	 perspective,	 but	 similarly	 to	 what	 happened	 in	 the	 perspectives	
validation,	the	vast	majority	of	suggestions	were	already	being	accounted	for	in	the	





	 Of	all	suggestions	made,	 two	were	determined	to	be	suitable	 for	the	model.	
Firstly,	 under	 the	 “HR	 and	 Stakeholder”	 perspective,	 the	 definition	 of	 the	 “Senior	
Management	Involvement”	 factor,	now	includes	the	concept	of	technology	transfer	
champions.	 Those	 would	 be	 senior	 management	 representatives,	 assigned	 to	
champion	technology	transfer	activities	throughout	the	organization	and	removing	
any	 potential	 roadblocks.	 This	 change	will	 impact	 the	 levels	 of	 desirability	 of	 this	
factor,	to	be	presented	in	following	sections.	Secondly,	the	factor	“Innovative	Culture”	





that	 the	 more	 accustomed	 to	 these	 changes,	 the	 easier	 and	 faster	 a	 technology	
transfer	process	would	unfold	in	that	organization.	Below	are	the	definitions	of	the	
two	factors	affected	by	these	changes:	.	
• Senior	management	 involvement:	Awareness,	 approval,	 support,	 and	active	
participation	of	senior	managers	in	the	TT	process,	including	the	indication	of	
TT	champions.	









	 Figure	16	shows	both	versions	of	 the	model.	 	 It	 shows	the	before	and	after	
validation	 process,	 and	 highlights	 the	 differences,	 i.e.,	 the	 removal	 of	 “Data	













	 The	 experts’	 judgments	 were	 captured	 through	 pair-wise	 comparisons	
utilizing	the	constant-sum	method,	where	each	comparison	is	made	by	distributing	
100	 points	 between	 the	 pair	 of	 items	 being	 compared.	 The	 importance	 of	 each	
perspective	 relative	 to	 the	 determination	 of	 the	 TT	 score	 is	 obtained	 by	 the	
mathematical	procedures	explained	earlier.	The	arithmetical	mean	of	the	judgments	





when	 the	 levels	 are	 above	 the	 10%	 threshold,	 extra	 steps	 are	 taken	 to	 further	
understand	 and	 analyze	 the	 impact	 of	 each	 particular	 situation	 towards	 the	 final	
results.		
Perspectives	Quantification	











most	 important	 perspective,	 contributing	 24%	 towards	 the	 mission	 (technology	
transfer	score),	closely	followed	by	“HR	and	Stakeholders”,	with	23%.	The	other	three	








TECHNICAL PROCESS STRATEGIC 
ALIGNMENT
Relative Importance of Perspectives
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and	Stakeholders”	perspective,	 i.e.,	 the	 level	of	contribution	of	each	factor	towards	
their	 specific	 perspective,	 not	 towards	 the	model	 as	 a	 whole.	 The	 factor	 “TT	 and	
Training”	 is	 ranked	 as	 the	most	 important	 (33%).	 The	 second	most	 important	 is	
“Stakeholders	 management”,	 with	 25%,	 closely	 followed	 by	 “TT	 Ecosystem	
Management”	 (24%).	The	 least	 important	 factor	within	 this	perspective	 is	 “Senior	






TT TEAM AND TRAINING TT ECOSYSTEM MGMT STAKEHOLDERS MGMT SENIOR MGMT 
INVOLVEMENT







	 The	 table	 and	 chart	 above	 show	 the	 local	 importance	 of	 factors	 under	 the	
“Organizational	 Culture”	 perspective,	 i.e.,	 the	 level	 of	 contribution	 of	 each	 factor	
towards	 their	 specific	 perspective,	 not	 towards	 the	model	 as	 a	 whole.	 The	 factor	
































criteria	 (as	 the	 number	 of	 criteria	 increase,	 pairwise	 comparisons	 increase	
exponentially).	 Based	 on	 that	 limitation,	 he	 set	 up	 to	 develop	 a	 new	 method	 to	
















	 The	 table	 and	 chart	 above	 show	 the	 local	 importance	 of	 factors	 under	 the	




TRL ASSESSMENT TECHNOLOGY VALUATION PROPOSAL ASSESSMENT
Local Importance of Factors under "Technical"
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specific	 perspective,	 not	 towards	 the	 model	 as	 a	 whole.	 The	 factor	 “Technology	











	 The	 table	 and	 chart	 above	 show	 the	 local	 importance	 of	 factors	 under	 the	
“Process”	 perspective,	 i.e.,	 the	 level	 of	 contribution	 of	 each	 factor	 towards	 their	
specific	perspective,	not	 towards	 the	model	as	a	whole.	The	 factor	 “Outcomes	and	








BENEFIT MGMT RISK MGMT OUTCOMES AND DECISIONS TT MECHANISMS MGMT
















VALUE, IMPACT AND 
APPLICABILITY MGMT









Local Importance of Factors under "Strategic Alignment"
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most	 important	 is	 “TT	Planning,	Control	and	Flexibility”,	with	21%.	The	 last	 three	















TT team and training 0.33 0.07
TT ecosystem mgmt 0.24 0.05
Stakeholders mgmt 0.25 0.06
Senior mgmt involvement 0.18 0.04
Communication and knowledge mgmt 0.27 0.05
Funding 0.19 0.03
Absorptive capacity 0.16 0.03
Long-range planning 0.15 0.03
Innovative Culture 0.22 0.04
TRL assessment 0.21 0.04
Technology valuation 0.46 0.08
Proposal assessment 0.33 0.06
Benefit mgmt 0.26 0.04
Risk mgmt 0.25 0.04
Outcomes and decisions 0.29 0.05
TT mechanisms mgmt 0.20 0.03
Value, impact and applicability mgmt 0.28 0.07
Business plan and use case 0.18 0.04
TT planning, control and flexibility 0.21 0.05
Continuity of TT process 0.17 0.04









































































































































































































































































































































































the	 organization	 assessed	 throughout	 the	 development	 of	 this	 study.	 The	 action	







framework	 to	 enhance	 the	 agency’s	 technology	 transfer	 capabilities,	 and	 hence	
improve	 their	 technology	 development	 results	 as	 a	 whole.	 The	 objective	 of	 the	
process	was	to	create	the	conditions	for	the	technology	recipients	(users)	to	be	able	










effort	 expended	 during	 the	 transition	 period	 between	 finishing	 the	 project	 and	
starting	to	use	its	outcomes.	There	was,	however,	a	different	nuance	in	the	way	the	
project	 was	 being	 directed.	 Back	 in	 2015,	 the	 efforts	 were	 mainly	 towards	
understanding	 the	 best	 way	 to	 create	 a	 framework,	 and	 to	 figure	 out	 what	





application	 of	 technology	 innovation	 outcomes	 to	 BPA	 to	 benefit	 the	 agency	 and	
regional	stakeholders;	to	disseminate	knowledge	and	research	results	in	a	way	that	
maximizes	the	value	of	R&D	investments	for	the	BPA	business;	to	capitalize	on	the	




transfer/commercialization	 and	BPA’s	 process	 is	 that	 the	 idea	 of	 commercializing	
products	 coming	 out	 of	 R&D	 projects	 is	 not	 completely	 applicable	 to	 all	 BPA’s	
projects.	As	already	discussed,	 the	concepts	of	 technology	 transfer	and	 technology	
commercialization	 are	 very	 much	 intertwined	 (and	 were	 used	 interchangeably	




of	 the	 moving,	 whereas	 technology	 commercialization	 carries	 a	 strong	 market	
perspective	 to	 it,	 in	 the	 sense	 of	 bringing	 new	 technologies	 and	 products	 to	
consumers	[103].		
Looking	 at	 BPA’s	 research	 portfolio,	 it	 is	 clear	 that	 projects	 related	 to	 the	
demand-response	(DR)	and	the	energy	efficiency	(EE)	areas	are	a	perfect	fit	for	the	
technology	commercialization	concept.	These	are	projects	closely	related	to	the	final	
end	 of	 the	 energy	 sector	 spectrum,	 i.e.	 distribution	 utilities	 and	
residential/industrial/commercial	 consumers.	Examples	of	 end-products	 for	 those	
projects	would	 be	DR	 communication	 devices	 to	 be	 attached	 to	 home	 appliances;	
efficient	lighting	systems	operated	by	sensors	for	industrial	and	commercial	parking	
lots;	and	energy	efficient	appliances	such	as	combined	space	and	water	heating	heat	






significant	 part	 of	 BPA’s	 R&D	 portfolio	 is	 composed	 of	 power	 generation	 and	
transmission	 projects.	 These,	 as	 opposed	 to	 the	 EE	 and	 DR	 ones,	 are	 almost	
exclusively	focused	on	BPA’s	internal	operations	and	needs,	and	the	concern	about	its	
outcomes	being	adopted	beyond	BPA’s	boundaries	is	limited,	if	not	absent	altogether.	




and	 sophisticated	 software	 frameworks	 to	 interpret	 and	 analyze	 phasor	
measurement	units	 (PMU)	data	 from	 transmission	 lines.	The	ultimate	objective	of	
these	 projects	 is	 for	 power	 generation	 and	 transmission	 to	 be	more	 reliable	 and	
available,	regardless	of	if	other	utilities	would	or	would	not	adopt	their	outcomes.	To	
exemplify	 the	 difference	 in	 nature	 of	 these	 areas,	 let	 us	 think	 of	 two	 imaginary	
projects:	The	development	of	a	super-efficient	clothes	dryer	and	the	development	of	
an	 earthquake-resilient	 substation	 design.	 The	 former	 has	 a	 very	 strong	 market	
perspective	to	it,	while	the	latter	does	not.	The	clothes	dryer	development	might	be	a	
success	from	a	technical	standpoint,	but	if	 it	does	not	match	the	requirements	and	




which	 those	projects	become	useless.	The	substation	design,	on	 the	other	hand,	 is	











applicable	 to	 EE	 technologies.	 BPA’s	 TT	 team	 has	 already	 identified	 as	 one	 of	 its	
biggest	 challenges	 the	 need	 to	 adapt	 the	 TT	 process,	 and	 the	way	we	 assess	 and	
approach	 the	projects	 towards	EE	needs.	 Especially	 regarding	benefits,	 EE	 is	 very	
distinct	from	other	energy	technologies,	even	more	so	in	the	case	of	BPA,	who	does	
not	serve	the	final	consumer	directly.	





which	 is	 actually	 desirable.	 In	 the	 case	 of	 private	 companies,	 patents	 are	 very	




might	 see	 regulations	 as	 a	 secondary	 issue	when	 conducting	R&D,	 BPA	 is	 heavily	
limited	by	regulations	and	standards.	
As	 already	 shown,	 the	 literature	 discusses	 the	 necessity	 of	 having	 technology	
transfer	as	a	part	of	the	research	and	development	strategy	[5].	Before	the	TT	project	
started,	 this	 was	 not	 a	 reality	 at	 BPA.	 Technology	 transfer	 was	 not	 seen	 as	 an	
important	component	in	the	R&D	management	framework,	but	rather	as	a	small	part	
of	project	management	efforts.	With	the	work	developed	throughout	the	years,	this	




















BPA	 already	 had	 joint	 development	 projects	 with	 universities	 all	 across	 America,	
even	before	the	technology	transfer	project	started.	
The	Action	Research	Project	







• To	combine	 interpretation	with	 testing	by	 testing	 the	 theory	with	practical	
applications.	
• To	 change	 the	 status	 quo,	 and	 causing	 actual	 changes	 to	 the	 practitioner’s	
systems.	























and	 contrast	 them	with	 the	 current	 system	and	propose	 changes;	 the	 researchers	
would	then	go	back	to	the	literature	and	re-start	the	cycle.	This	entirely	satisfies	the	
second	step	of	AR	where	researchers	have	to	go	back	and	forth	between	theory	and	
practice,	 engaging	 practitioners	 in	 discussions,	 and	 proposing	 changes	 to	 their	
systems.	 As	 an	 example,	 one	 could	 mention	 the	 creation	 of	 technology	 transfer	
evaluation	points.	These	were	 forms	developed	based	on	a	comprehensive	pool	of	
criteria	and	perspectives	present	 in	 the	 literature,	and	brought	 to	 the	 team	by	 the	
researchers	(several	iterative	cycles	were	undertaken).	Both	the	application	timing	
and	 criteria	 to	 be	 used	 in	 each	 form	 were	 extensively	 discussed,	 with	 active	
participation	from	both	practitioners	and	researchers.		
Throughout	 the	 project,	 whenever	 an	 idea	 was	 being	 developed,	 there	 were	
several	iterative	cycles	of	discussion	before	revisions	were	made.	After	the	result	was	
considered	acceptable,	the	team	would	pilot	that	result	with	project	managers	and	
other	 stakeholders.	 This	 fits	 perfectly	 into	 the	 third	 AR	 step	 definition.	 In	 action	






















	 In	 order	 to	 apply	 the	 model	 to	 BPA,	 each	 factor	 desirability	 levels	 were	
contrasted	against	the	agency’s	technology	transfer	process	current	status,	aiming	to	












from	 only	 one	 department,	 the	 TI	 Office;	 no	 technology	 transfer	
training	exists.	
• TT	ecosystem	management:	
o Assigned	 level:	 Frequent	 interaction	 (at	 least	 monthly)	 with	
unstructured	ad-hoc	discussions.	
o Desirability	value:	60		









o Reasoning:	 BPA	 TT	 team	 has	 frequent	 contact	 with	 internal	
stakeholders,	 both	 recipients	 and	 donors;	 Information	 is	 collected	
from	these	stakeholders,	but	 the	 flow	of	 information	 is	not	constant	
yet,	i.e.	most	of	the	information	collected	has	to	be	solicited.	
• Senior	management	involvement:	
o Assigned	 level:	 Middle	 management	 is	 actively	 engaged	 in	 the	 TT	
process;	 Senior	 management	 is	 aware	 of	 the	 TT	 process,	 but	 their	
engagement	is	not	consistent.	
o Desirability	value:	70	
































o Reasoning:	 Although	 there	 is	 a	 formal	 strategy	 in	 place,	 different	





































o Assigned	 level:	Benefits	are	differentiated	 from	project	deliverables,	
classified	 and	 quantified,	 without	 stakeholders’	 input	 or	 program	
considerations.	
o Desirability	value:	60	
o Reasoning:	 One	 of	 the	 technology	 transfer	 forms’	 objectives	 is	 to	
classify	and	quantify	the	expected	benefits	deriving	from	each	project,	
but	these	assessments	are	conducted	only	as	long	as	the	project	is	still	
active.	 There	 is	 no	 post-project	 effort	 as	 of	 now.	 Moreover,	 a	











o Assigned	 level:	 Non-standardized	 reports	 are	 produced;	
recommendations	are	made	based	on	individual’s	“gut-feeling”.	
o Desirability	value:	0	
o Reasoning:	 A	 standardized	 TT	 report	 for	 each	 project	 has	 not	 been	

















o Assigned	 level:	 Uses	 cases	 are	 available,	 and	 they	 are	 most	 of	 the	
required	information.	
o Desirability	value:	20	
o Reasoning:	For	most	of	 the	projects,	 a	 clear	and	comprehensive	use	










o Assigned	 level:	 TT	 process	 starts	 in	 the	 proposals	 and	 ideas	









o Assigned	 level:	 TT	 process	 exchanges	 information	 with	 project	
management;	 stage-gates	 decisions	 take	 the	 TT	 perspective	 into	
account.	
o Desirability	value:	30	
o Reasoning:	 The	 TT	 process	 exchanges	 information	 with	 other	
processes	 (most	 importantly	 project	management),	 but	 the	 process	
outcomes	are	not	actively	being	used	by	other	processes.	Currently,	an	
effort		aimed	at	informing	the	roadmapping	process	and	updating	the	
roadmaps	 based	 on	 the	 outcomes	 of	 the	 projects	 and	 information	







Perspective Factor Value from DC assigned to BPA 
HR and Stakeholders 
TT team and training 10 
TT ecosystem mgmt.. 60 
Stakeholders mgmt. 20 
Senior mgmt. involvement 70 
Organizational Culture 
Communication and knowledge mgmt. 10 
Funding 0 
Absorptive capacity 100 
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Long-range planning 20 
Innovative Culture 60 
Technical 
TRL assessment 50 
Technology valuation 10 
Proposal assessment 0 
Process 
Benefit mgmt. 60 
Risk mgmt. 10 
Outcomes and decisions 0 
TT mechanisms mgmt. 20 
Strategic Alignment 
Value, impact and applicability mgmt. 10 
Business plan and use case 20 
TT planning, control and flexibility 100 
Continuity of TT process 100 







Factors TT Score 







TT team and training 0.07 10 0.7 
7.7 
TT ecosystem mgmt. 0.05 60 3 
Stakeholders mgmt. 0.06 20 1.2 
Senior mgmt. 




knowledge mgmt. 0.05 10 0.5 
6.5 
Funding 0.03 0 0 
Absorptive capacity 0.03 100 3 
Long-range planning 0.03 20 0.6 
Innovative Culture 0.04 60 2.4 
Technical 
TRL assessment 0.04 50 2 
2.8 Technology valuation 0.08 10 0.8 




Benefit mgmt. 0.04 60 2.4 
3.4 
Risk mgmt. 0.04 10 0.4 
Outcomes and 
decisions 0.05 0 0 
TT mechanisms 
mgmt. 0.03 20 0.6 
Strategic 
Alignment 
Value, impact and 
applicability mgmt. 0.07 10 0.7 
11.7 
Business plan and 
use case 0.04 20 0.8 
TT planning, control 
and flexibility 0.05 100 5 
Continuity of TT 
process 0.04 100 4 
Parallel processes 
integration 0.04 30 1.2 
     Total Sum: 32.1 
	
	 The	 final	 score	shows	 that	BPA	 is	 still	 far	 from	having	 “perfect”	 technology	
score	 capabilities.	 Additionally,	 one	 could	 regard	 the	 final	 score	 as	 somewhat	
disappointing.	 	It	has	been	mentioned	in	this	dissertation	that	the	agency	has	been	
actively	 looking	 to	 increase	 its	 TT	 capabilities,	 including	 by	 means	 of	 an	 action	
research	 project	 in	 which	 I	 have	 myself	 participated.	 In	 order	 to	 avoid	 any	
misinterpretations	 regarding	 the	 agency’s	 efforts	 and	 ability	 to	 improve,	 I	 find	 it	
important	to	make	a	few	remarks.	Firstly,	the	results	of	the	model	application	show	a	
snapshot	at	the	time	of	the	current	status	of	BPA’s	TT	capabilities,	but	tells	nothing	

















caused	 by	 alterations	 in	 the	 perspectives	 relevance.	 This	 could	 be	 particularly	
interesting	 if	 one	 is	 to	use	 the	model	 to	 compare	different	departments	within	an	
organization	 or	 to	 compare	 different	 organizations.	Moreover,	 when	 applying	 the	
model	to	only	one	case	(as	in	this	study),	changing	the	weights	of	the	perspectives	
could	prompt	the	technology	manager	to	change	his/her	reasoning	when	prioritizing	
factors	 to	be	 tackled.	 For	 example,	 if	 the	 technical	 perspective	 is,	 by	 far,	 the	most	
relevant,	weak	factors	under	the	technical	perspective	should	be	prioritized,	even	if	















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	 As	 expected,	 changing	 the	 perspectives	 relevance	 incurs	 in	 changes	 in	 the	
organizational	TT	score.	In	the	case	of	BPA,	the	score	hits	its	lowest	level	when	the	
perspectives	“Technical”	or	“Process”	have	their	 importance	maximized	(those	are	
the	 worst-performing	 perspectives	 of	 the	 agency,	 according	 to	 the	 model	
application).	 Conversely,	 the	 score	 hits	 its	 highest	 level	 when	 the	 perspective	
“Strategic	 Alignment”	 has	 its	 importance	 maximized	 (that	 is	 the	 best-performing	























	 This	 perspective	 contains	 factors	 related	 to	 the	 team,	 training,	 ecosystem,	
senior	management,	and	other	players	involved.	
	 The	 factor	TT	 team	and	 training	 is	described	 in	 terms	of	 the	existence	of	 a	
dedicated	 TT	 team,	 the	 background	 of	 the	 team	 members,	 its	 multidisciplinary	
nature,	and	the	existence	and	frequency	of	TT	training.	The	level	attributed	to	the	case	
organization	was	 “dedicated	TT	 team;	not	multidisciplinary;	no	 training”.	The	 fact	
that	there	is	a	dedicated	TT	team	in	place	is	definitely	a	pro,	and	it	reveals	that	the	
organization	 leaders	 have	 the	 right	 mindset	 concerning	 technology	 development.	
Nonetheless,	as	it	was	presented	throughout	the	literature	review	section,	TT	is	very	




the	 case	 organization	 (all	 members	 of	 the	 TT	 team	 come	 from	 the	 same	 group,	
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responsible	 for	 managing	 research	 projects).	 Lastly,	 training	 is	 a	 very	 important	
practice	that	ensures	consistency	in	organizational	practices,	as	well	as	decreasing	
the	 hurdles	 of	 members	 leaving	 the	 team	 and	 new	 members	 coming	 in.	 The	














numerous	 organizations	 would	 gather	 and	 discuss	 future	 avenues	 for	 technology	
development	in	the	sector,	and	the	case	organization	would	benefit	by	using	those	
insights	as	to	guide	their	technology	development	planning	efforts.	Recently	however,	





















	 The	 factor	 “Senior	 Management	 Involvement”	 is	 described	 in	 terms	 of	 the	
awareness,	approval,	support,	and	active	participation	of	senior	managers	in	the	TT	




is	 very	well	 served.	 Senior	managers,	 on	 the	 other	 hand,	 could	 be	more	 active	 in	
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sponsoring	 and	 supporting	 the	 TT	 team	 and	 its	 activities.	 As	 aforementioned,	 a	
stronger	 involvement	 from	 senior	 managers	 and	 a	 clear	 support	 message	 would	
touch	upon	various	pain	points	that	hinder	the	TT	team’s	work.	A	practical	approach	
to	 improve	their	 involvement	 is	 to	appoint	a	TT	champion	(or	rather	a	technology	







	 The	 factor	 “Communication	 and	 Knowledge	 Management”	 is	 described	 in	
terms	of	the	relevance	and	frequency	of	interactions	between	stakeholders,	transfer	
and	sharing	of	knowledge	between	different	departments	(outside	the	boundaries	of	
the	 TT	 process).	 The	 level	 attributed	 to	 the	 case	 organization	 was	 “Inter-
departmental	communication	is	weak;	only	vital	information	is	transferred	from	one	
department	to	another	without	solicitation”.	Reflecting	what	was	seen	in	the	factor	
“Stakeholders	 Management”,	 the	 interdepartmental	 communication	 and	
collaboration	in	the	case	organization	is	not	as	strong	as	one	would	desire.	Having	in	
mind	 that	 knowledge	 sharing	 is	 essential	 to	 any	 successful	 technology	 transfer	
endeavor,	 this	 situation	 should	 be	 worrisome	 to	 managers.	 Efforts	 should	 be	





	 The	 factor	 “Funding”	 is	 described	 in	 terms	 of	 ease	 of	 access	 and	 level	 of	
funding	for	transfer	activities.	The	level	attributed	to	the	case	organization	was	“no	







case	 organization	 was	 “The	 organization	 has	 steady	 and	 successful	 partnerships,	
collaborative	development	or	joint	R&D	efforts	and	those	amount	to	25%	to	50%	of	
its	research	portfolio”.	As	opposed	to	what	was	discussed	in	the	factor	“TT	Ecosystem	
management”,	 which	 dealt	 with	 the	 structured	 interaction,	 collaboration,	 and	












the	score	attributed	to	 the	case	organization	 for	 this	 factor	 is	not	 the	optimal	one,	
efforts	 have	 been	 undertaken	 recently	 in	 order	 to	 improve	 it.	 Formal	 strategic	
guidelines	do	exist,	 and	extensive	efforts	 are	being	made	aimed	at	promoting	and	
reinforcing	those	guidelines	in	a	more	effective	fashion.	
	 The	 factor	 “Innovative	 Culture”	 is	 described	 in	 terms	 of	 “the	 organization	
ability	and	openness	to	implementing	innovation	and	changes	regarding	its	business	















	 The	 factor	 “TRL	 assessment”	 is	 described	 in	 terms	of	 technology	 readiness	
levels	 and	 related	 metrics,	 e.g.,	 IRL;	 SRL;	 RD3.	 The	 level	 attributed	 to	 the	 case	
organization	 was	 “technology	 readiness	 is	 assessed,	 and	 it	 informs	 the	 decision-
making	 process	 regarding	 TT	mechanisms	 and	 strategies”.	 The	 case	 organization	
does	 have	 a	 formal	 TRL	 assessment	 for	 the	 research	 proposals	 considered	 for	




	 The	 factor	 “Technology	 Valuation’	 is	 described	 in	 terms	 of	 technology	




to	 improve	 the	 evaluation	 process	 itself.	 Specifically,	 a	 project	 was	 conducted	 to	
create	 an	 evaluation	 framework	 that	would	 fit	 the	 case	 organization’s	 needs.	 The	
created	framework	is	yet	to	be	tested	and	later	implemented.	
	 The	 factor	 “Proposal	 Assessment”	 is	 described	 in	 terms	 of	 qualitative	 and	
quantitative	 assessments	 of	 research	 proposals.	 The	 level	 attributed	 to	 the	 case	
organization	was	 “research	 proposals	 are	 not	methodically	 assessed”.	 Similarly	 to	







	 This	 perspective	 contains	 factors	 related	 to	 TT	 process	 features	 and	
characteristics.	
	 The	factor	“Benefit	Management”	 is	described	in	terms	of	the	identification,	
understanding,	 description,	 classification,	 and	 monitoring	 of	 benefits.	 The	 level	
attributed	 to	 the	 case	 organization	 was	 “benefits	 are	 differentiated	 from	 project	
deliverables,	 classified	 and	 quantified,	 without	 stakeholders’	 input	 or	 program	









factor	 is	 that	 it	 is	 able	 to	 detach	 the	 technology	 transfer	 risks	 from	 the	 project	
management	risks,	i.e.,	even	if	the	project	is	unfolding	perfectly	according	to	its	plan,	
it	does	not	necessarily	mean	that	the	outcome	of	that	project	will	be	easily	transferred	
in	 to	 the	 technology	recipient’s	operations.	Nonetheless,	 the	case	organization	has	
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still	 to	 bring	 it	 to	 the	 next	 level,	 by	 quantifying	 the	 risks	 and	 devising	 different	
contingency	plans	for	high	impact	/	high	probability	risks.	
	 The	 factor	 “Outcomes	 and	 Decisions”	 is	 described	 in	 terms	 of	 discussions,	
reports,	and	decisions	made	out	of	the	TT	process.	The	level	attributed	to	the	case	
organization	 was	 “non-standardized	 reports	 are	 produced;	 recommendations	 are	
made	 based	 on	 individual’s	 “gut-feeling”.	 This	 is	 certainly	 a	 white	 spot	 the	 case	
organization	should	be	working	on.	Although	the	TT	is	well	structured,	with	a	team	
and	 a	 process	 in	 place,	 the	 project	management	 perspective	 is	 still	 the	main	 one	
considered	in	order	to	decide	whether	the	project	should	be	continued.	Ideally,	the	
technology	 transfer	 perspective	 should	 be	 contemplated	 and	 taken	 into	 account	
during	stage-gates-like	decision	points	at	the	same	level	as	project	management,	and	
the	case	organization	should	strive	to	achieve	that.	







discussed	 throughout	 this	dissertation,	 technology	development	projects	 involve	a	
considerable	amount	of	uncertainty,	which	could	lead	to	major	changes,	which	in	turn	
would	require	a	flexible	plan	to	accommodate	those	major	changes.	Having	more	than	













factor,	 this	 factor	 is	 only	dealt	with	 through	 a	 one-time	 evaluation	upfront,	 at	 the	
beginning	 stages	 of	 the	 project.	 As	 explained	 earlier,	 technology	 development	
projects	 are	 very	 dynamic	 and	 uncertain	 endeavors,	 and	 require	 multiple	 and	
thorough	 assessment	 points.	 The	 framework	 created	 for	 technology	 valuation	
focuses	on	the	financial	return	of	any	given	project.	In	order	to	suit	the	needs	of	this	
factor,	another	framework	could	be	created	in	order	to	measure	the	strategic	fit	of	
R&D	 projects,	 and	 as	 the	 factor	 levels	 definitions	 suggest,	 assessments	 should	 be	









and	 the	 next	 one	 is	 quite	 considerable	 (from	 20	 points	 to	 100	 points).	 The	 case	
organization	 should	 identify	 the	 missing	 information,	 and	 strive	 to	 capture	 it	 as	
thoroughly	and	as	early	as	possible	in	order	to	inform	the	project	selection	process.	
	 The	factor	“TT	Planning,	Control,	and	Flexibility”	is	described	in	terms	of	the	
continuous	 improvement	 of	 the	 TT	 process,	 such	 as	 meetings,	 planning,	 reviews,	
setting	objectives	and	priorities,	and	adjusting	those	based	on	market	and	strategy	
changes.	 The	 level	 attributed	 to	 the	 case	 organization	 was	 “annual	 meetings	 are	




process,	 an	 organization	might	 as	 well	 devote	 too	much	 time	 and	 attention	 to	 it,	
reaching	what	is	called	the	“analysis	paralysis”	status.	
	 The	 factor	 “Continuity	 of	 TT	 Process”	 is	 described	 in	 terms	 of	 length	 and	
comprehensiveness	of	TT	process.	The	level	attributed	to	the	case	organization	was	
“TT	 process	 starts	 in	 the	 proposals	 and	 ideas	 assessment	 phase	 even	 before	 the	






	 The	 factor	 “Parallel	 Processes	 Integration”	 is	 described	 in	 terms	 of	 the	






particular	 research	 project.	 In	 addition,	 technology	 transfer	 does	 not	 seem	 to	 be	
seamlessly	 integrated	with	 the	other	 technology	management	processes.	An	effort	
should	be	made	to	change	that	situation,	especially	in	the	interactions	between	TT	
































































































































































































































































































































































































































































































































































































































































































strategy	 would	 definitely	 maximize	 the	 improvement	 of	 the	 score.	 Secondly,	 and	
perhaps	most	importantly,	the	model	can	be	seen	as	a	maturity	model,	in	a	way	as	to	
depict	the	maximum	level	of	performance	for	each	factor	as	a	perfect	situation,	which	
in	 reality	 may	 not	 be	 attainable	 for	 all	 twenty-one	 factors	 at	 the	 same	 time.	
Interpreting	the	model	in	such	a	way,	the	technology	manager	would	prefer	to	start	
prioritizing	efforts	 in	order	 to	 improve	 the	organization’s	performance,	and	at	 the	
same	time	understanding	that	achieving	100	points	might	not	be	feasible,	or	if	it	is	
feasible,	it	would	not	be	worthwhile	due	to	the	level	of	resources	one	would	have	to	
spend	 in	order	 to	get	 there.	All	 in	 all,	 even	when	 regarding	 the	maximum	 level	of	
performance	in	the	model	as	an	ideal	but	not	achievable	scenario,	 it	would	still	be	











them	 in	 their	daily	 activities.	Out	of	 the	discussion,	 three	main	ways	 in	which	 the	
model	would	be	beneficial	were	identified:	The	model	itself,	the	application	process,	
the	results	and	its	analysis.	
	 The	 model	 itself	 is	 seen	 as	 a	 benefit	 once	 it	 portrays	 an	 ideal	 technology	




process	 is	 attainable,	 i.e.	 not	 all	 factors	 would	 be	 able	 to	 be	 present	 (and	 at	 the	
required	level	of	excellence)	simultaneously	in	all	organizations.	Nonetheless,	each	










to	 emphasize	 areas	 of	 deficiencies	 in	 order	 to	 generate	 efforts	 towards	 achieving	
technology	transfer	excellence.		
	 The	 results	 and	 its	 analysis	 are	 seen	 as	 a	 benefit	 once	 it	 enables	 the	






to	 changes	 in	processes	and	business	models,	 and	 thereby	always	aiming	 to	 learn	
from	its	own	mistakes	and	successes.	
	 Furthermore,	by	looking	at	the	results	a	manager	could	choose	different	paths	
to	 tackle	 the	 identified	 issues,	 especially	 when	 taking	 into	 consideration	 the	
importance	of	perspectives	within	which	factors	are	grouped.	For	instance,	all	factors	
under	 the	 perspective	 “Process”	 might	 have	 received	 poor	 scores,	 prompting	 the	
organization	to	focus	on	ways	to	improve	those	factors.	Nonetheless,	if	the	“Process”	
factors	 are	 performing	 poorly,	 but	 the	 “Process”	 perspective	 is	 the	 lowest	 in	






aspects	 that	 describe	 the	 technology	 transfer	 process	 in	 a	 thorough	 fashion,	 the	
manager	sees	himself	/	herself	in	a	position	to	prioritize	efforts	that	will	lead	to	the	







since	 those	are	 the	easiest	 to	deal	with,	 the	organization	would	 tackle	 them	more	
quickly	and	then	learn	during	the	process,	making	it	easier	for	a	second	stage,	when	
they	would	try	to	deal	with	more	difficult,	effort-demanding	factors.	Such	a	strategy	






power	 sector,	 and	 that	 several	 subject	 matter	 experts	 used	 in	 the	 validation	 and	
quantification	processes	were	also	related	to	the	energy	realm	in	one	way	or	another,	






of	 the	 application	 sector,	 and	 that	 can	 be	 attested	 by	 the	 significant	 breadth	 of	
expertise	 in	the	expert	panels,	most	notably	from	the	representatives	of	academia.	
That	aspect,	combined	with	 the	extensive	 literature	review	conducted	prior	 to	 the	
model	development,	leads	to	the	conclusion	that	this	research	model	is	applicable	to	
virtually	any	organization	that	deals	with	technology	transfer	issues.		
	 Having	 said	 that,	 one	 caveat	 must	 be	 mentioned.	 A	 prudent	 technology	
manager	would,	prior	to	the	model	application,	assess	to	what	extent	the	importance	
of	each	perspective	and	 factor	 in	 the	model	reflects	 the	reality	of	 the	organization	
undertaking	 the	 evaluation.	 Given	 the	 fact	 that	 cultural,	 economic,	 and	 political	
environments,	 as	 well	 as	 competitive	 environment,	 organizational	 structure,	 and	
product-related	aspects	could	vary	significantly	from	one	organization	to	another	(or	
from	 one	 region	 or	 country	 to	 another,	 for	 that	 matter),	 it	 might	 be	 best,	 and	
depending	 on	 circumstances,	 for	 the	 technology	 manager	 to	 redo	 the	 model	
quantification	prior	to	its	application.	This	would	assure	that	the	importance	of	each	






with	 the	 steps	 taken	 to	 complete	 it.	 It	 also	 brings	 a	 discussion	 on	 how	 this	 study	





new	 methodological	 approach	 (hierarchical	 decision	 modeling	 aided	 by	 action	
research)	was	developed	and	employed	to	create	the	research	model.	The	next	step	
was	 to	 apply	 the	 model	 to	 the	 Bonneville	 Power	 Administration,	 a	 large	 federal	
agency	responsible	 for	marketing	electricity	 in	 the	Pacific	Northwest	region	of	 the	




the	 technology	 transfer	 topic	 in	 the	 last	 forty	 years,	 the	 problem	 statement	 was	
framed	in	terms	of	the	need	organizations	have	to	improve	their	technology	transfer	
capabilities,	 which	 would	 lead	 to	 more	 effective	 and	 efficient	 research	 and	
development	 efforts,	 which	 in	 turn	 would	 lead	 to	 competitive	 advantage	 in	 the	
globalized	and	innovation-driven	economic	arena	of	the	21st	century.	The	research	
















	 The	 model	 developed	 and	 applied	 in	 this	 study	 is,	 first	 and	 foremost,	 a	
situational	 awareness	 tool.	 Technology	 transfer	 process	 improvements	 are	 not	
achieved	directly	through	the	model	application	but	are	rather	enabled	by	it.	That	is	
not	 to	 diminish	 the	 importance	 of	 the	model	 in	 any	way,	 shape,	 or	 form.	 As	 it	 is	
commonly	said	“one	cannot	improve	what	one	cannot	measure”.	The	model	serves	as	







be	 followed	 at	 all	 times.	 Moreover,	 the	 history	 of	 	 multiple	 sequential	 TT	 scores	
assessed	throughout	time	could	serve	as	evidence	and	measure	of	progress,	i.e.	after	
understanding	 the	 weaknesses,	 designing	 and	 implementing	 action	 plans,	 the	
technology	manager	should	repeat	the	model	application	to	check	the	delta	between	
the	current	status	and	the	previous	ones,	and	new	insights	and	strategic	discussions	
can	 be	 generated	 by	 analyzing	 these	 deltas.	 Lastly,	 ancillary	 benefits	 could	 be	
expected	from	the	application	of	this	model	by	striving	to	achieve	excellence	in	every	






	 From	 a	 theoretical	 standpoint,	 there	 are	 two	 main	 contributions	 of	 this	
research:	 The	 extension	 of	 hierarchical	 decision	 modeling	 usage	 by	 ways	 of	 a	
methodological	 novelty	 brought	 about	 by	 action	 research,	 and	 new	 factors	 being	
included	into	the	technology	transfer	body	of	knowledge.	
	 The	methodological	 novelty	was	 characterized	 by	mixing	 literature	 review	
with	action	research	in	the	process	of	building	the	HDM	model.	As	explained	earlier	






criterion	 demonstrated	 in	 the	 literature.	 Later	 on,	 during	 the	 model	 validation	
process,	 subject	 matter	 experts	 will	 judge	 if	 each	 criterion	 should	 remain	 in	 the	
model,	and	will	also	be	able	to	add	any	important	criteria	not	currently	considered.		
The	present	research	adopted	a	different	approach,	in	which	the	researcher	
conducted	 an	 action	 research	 project	 concurrently	with	 the	 literature	 review	 and	
used	 criteria	 from	 both	 sources	 in	 order	 to	 build	 the	 initial	 model.	 	 In	 the	
implementation	 of	 this	 novel	 approach	 ,	 the	 model	 validation	 process	 would	 be	
important	in	checking	the	validity	and	feasibility	of	such	an	approach.	If	the	subject	






real-life	 challenges	 and	 experience	 early	 on	 in	 the	 model	 development	 process.	
Additionally,	results	from	the	model	quantification	process	help	to	further	validate	
the	methodological	novelty,	and	prove	that	the	approach	is	not	only	valid,	but	was	
instrumental	 in	 building	 a	 strong	 and	 robust	 model.	 Figure	 45	 shows	 the	 global	










the	 action	 research	 project	 (Stakeholders	 Management;	 and	 Value,	 Impact,	 and	
Applicability	 Management).	 In	 other	 words,	 using	 the	 action	 research	 piece	 to	
complement	 literature	 review	 in	 building	 the	 HDM	model	 was	 paramount	 to	 the	
success	of	this	research.	Furthermore,	when	breaking	down	the	model	and	showing	














part	 of	 the	 technology	 transfer	 literature,	 possibly	 giving	 rise	 to	 new	 research	 to	
further	use	and	investigate	them.	
As	a	secondary	theoretical	contribution,	one	could	mention	the	fact	that	the	





















choose	 from	 and	 implement	 depending	 on	 each	 individual	 organization’s	
characteristics.	 The	 fourth	 and	 last	 research	 gap,	 “There	 is	 a	 lack	 of	 studies	 on	 TT	
helping	 to	 align	 R&D	 and	 business	 strategy”,	 was	 tackled	 by	 both	 the	 strategic	
alignment	perspective	within	the	model,	and	the	literature	review	and	discussion	on	
technology	transfer	as	a	research	and	development	alignment	tool.	Similarly	to	what	






There	 were	 also	 five	 research	 questions	 posed	 at	 the	 beginning	 of	 the	
dissertation.	The	first	one,	“What	are	the	most	and	least	important	criteria	and	factors	
when	assessing	TT	capabilities?”,	is	responded	to	by	the	model	components	as	a	whole.	
The	 second	 question,	 “What	 are	 the	 practices	 and	 factors	 that	 influence	 the	 R&D	
alignment	with	business	strategy?”	are	responded	to	by	the	specific	factors	contained	




















this	 bias.	 Most	 importantly	 during	 the	 subject	 matter	 experts	 identification	 and	
expert	panels	formation	phases,	techniques	such	as	social	network	analysis,	snowball	
sampling,	 and	 the	 allocation	 of	 expert	 panels	 based	 on	 academic/professional	
background	 and	 past	 experience,	 can	 be	 used.	 	 This	 research	 has	 used	 these	
techniques,	 to	 ensure	 that	 expert	biases	were	under	 control	 and	not	 impairing	an	
objective	interpretation	of	the	results.		






industrial	 sectors,	 or	 even	 different	 types	 of	 technology	 transfer,	 e.g.	 external,	
international,	competitive,	the	model	might	or	might	not	need	to	have	its	factors	and	
perspectives	validation	and	quantification	phases	redone.	While	prudence	dictates	




application,	 it	 is	 important	 to	 notice	 that	 none	 of	 the	 model	 components,	 be	 it	
perspectives,	factors,	or	desirability	curves,	are	related	to	only	one	industrial	sector,	
organization	 type,	 or	 technology	 transfer	 type.	 In	 fact,	 in	 discussions	 with	 the	
participating	 experts,	 there	 was	 a	 consensus	 around	 the	 idea	 that	 the	 model	
application	could	be	easily	and	readily	replicated	to	virtually	any	sector	or	technology	
transfer	type.	Additionally,	the	pool	of	experts	used	in	this	study	was	composed	of	a	
very	 heterogeneous	 and	diverse	 set	 of	 individuals,	 representing	 different	 types	 of	
educational	backgrounds,	as	well	as	different	industries	and	different	activity	sectors,	
i.e.	academia,	industry,	and	government.	A	follow-up	research	opportunity	is	to	step	





application	 conducted	 in	 this	 study	was	 that	 of	 assessing	 the	 technology	 transfer	
capabilities	of	one	single	organization,	aimed	at	providing	that	organization	with	the	
knowledge	 and	 tools	 to	 improve	 its	 capabilities.	While	 the	 study	 has	 achieved	 its	
objective,	the	model	itself	can	be	used	with	an	additional	purpose:	That	of	comparing	
technology	 transfer	 capabilities	 of	 different	 organizations,	 or	 of	 different	 groups	
within	the	same	organization.	Future	researchers	could	use	the	model	to	compare	the	
technology	 transfer	 process	 performance	 across	 different	 industries	 or	






an	 endeavor	 to	 create	 a	 high-level	managerial	 framework	 to	 integrate	 the	 several	
processes	 and	 tools	 that	 compose	 the	 research	 and	 development	 realm,	 e.g.,	
roadmapping,	 portfolio	 management,	 project	 management,	 technology	 transfer,	
among	 others.	 The	 aim	 should	 be	 to	 replicate	 the	 assessment	 capabilities	 of	 this	








































































































































































































































































































































































































































































































































































































































































































































































































































































AEBDC BECDA CBDAE DEACB EBCDA 
ACEDB BDCAE CBEAD DECAB EBCAD 
ADBCE BCADE CEABD DBECA EBDAC 
ACDEB BDECA CEDBA DEBAC EDCBA 
ABCED BACDE CBEDA DABCE EACBD 
ADCEB BCAED CBADE DCEAB EADCB 
ABDEC BADEC CEBAD DBCEA ECBDA 
AEDCB BDACE CBAED DBCAE EADBC 
ADEBC BCDAE CADEB DABEC EBACD 





    Before Normalization     Normalized Values 
# Orientation A B C D E Sum   A B C D E 
1 AEBDC 2.29 1.20 1.00 2.14 5.80 12.43   0.1842 0.0965 0.0805 0.1722 0.4666 
2 ACEDB 1.20 1.00 2.14 2.29 0.38 7.00   0.1720 0.1429 0.3050 0.3264 0.0537 
3 ADBCE 7.72 0.59 1.30 2.69 1.00 13.30   0.5805 0.0444 0.0977 0.2023 0.0752 
4 ACDEB 3.79 1.00 2.66 0.88 5.80 14.13   0.2682 0.0708 0.1883 0.0623 0.4105 
5 ABCED 7.62 0.59 1.30 1.00 5.20 15.71   0.4850 0.0376 0.0827 0.0637 0.3310 
6 ADCEB 7.72 1.00 1.30 2.14 5.80 17.96   0.4298 0.0557 0.0724 0.1192 0.3229 
7 ABDEC 7.62 1.20 1.00 0.88 2.70 13.40   0.5687 0.0896 0.0746 0.0657 0.2015 
8 AEDCB 2.29 1.00 2.08 2.14 5.20 12.71   0.1802 0.0787 0.1637 0.1684 0.4091 
9 ADEBC 7.72 0.59 1.00 0.88 5.80 15.99   0.4828 0.0369 0.0625 0.0550 0.3627 
10 AECDB 2.29 1.00 2.66 2.69 2.70 11.34   0.2019 0.0882 0.2346 0.2372 0.2381 
11 BECDA 1.00 1.00 2.66 0.41 2.70 7.77   0.1287 0.1287 0.3423 0.0528 0.3475 
12 BDCAE 2.29 1.20 0.38 2.14 1.00 7.01   0.3267 0.1712 0.0542 0.3053 0.1427 
13 BCADE 7.72 0.59 0.38 0.88 1.00 10.57   0.7304 0.0558 0.0360 0.0833 0.0946 
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14 BDECA 1.00 1.20 0.38 0.88 2.70 6.16   0.1623 0.1948 0.0617 0.1429 0.4383 
15 BACDE 3.79 0.25 2.66 0.88 1.00 8.58   0.4417 0.0291 0.3100 0.1026 0.1166 
16 BCAED 2.29 0.59 0.38 1.00 5.20 9.46   0.2421 0.0624 0.0402 0.1057 0.5497 
17 BADEC 7.72 0.25 1.00 0.88 2.70 12.55   0.6151 0.0199 0.0797 0.0701 0.2151 
18 BDACE 3.78 1.20 1.29 0.40 1.00 7.67   0.4928 0.1565 0.1682 0.0522 0.1304 
19 BCDAE 2.28 0.59 2.65 0.40 1.00 6.92   0.3295 0.0853 0.3829 0.0578 0.1445 
20 BADCE 7.72 0.24 1.29 2.13 1.00 12.38   0.6236 0.0194 0.1042 0.1721 0.0808 
21 CBDAE 2.29 1.20 2.08 0.41 1.00 6.98   0.3281 0.1719 0.2980 0.0587 0.1433 
22 CBEAD 7.72 1.00 2.08 1.00 0.63 12.43   0.6211 0.0805 0.1673 0.0805 0.0507 
23 CEABD 7.62 1.20 1.30 1.00 0.63 11.75   0.6485 0.1021 0.1106 0.0851 0.0536 
24 CEDBA 1.00 0.25 1.30 2.69 5.20 10.44   0.0958 0.0239 0.1245 0.2577 0.4981 
25 CBEDA 1.00 1.00 2.08 0.41 5.20 9.69   0.1032 0.1032 0.2147 0.0423 0.5366 
26 CBADE 7.72 0.25 2.08 0.88 1.00 11.93   0.6471 0.0210 0.1744 0.0738 0.0838 
27 CEBAD 7.72 0.25 1.30 1.00 5.80 16.07   0.4804 0.0156 0.0809 0.0622 0.3609 
28 CBAED 2.29 0.25 2.08 1.00 5.20 10.82   0.2116 0.0231 0.1922 0.0924 0.4806 
29 CADEB 7.72 1.00 0.38 0.88 5.80 15.78   0.4892 0.0634 0.0241 0.0558 0.3676 
30 CBDEA 1.00 1.20 2.08 0.88 0.63 5.79   0.1727 0.2073 0.3592 0.1520 0.1088 
31 DEACB 3.79 1.00 2.08 0.88 0.63 8.38   0.4523 0.1193 0.2482 0.1050 0.0752 
32 DECAB 7.62 1.00 0.38 0.88 2.70 12.58   0.6057 0.0795 0.0302 0.0700 0.2146 
33 DBECA 1.00 1.00 0.38 2.69 2.70 7.77   0.1287 0.1287 0.0489 0.3462 0.3475 
34 DEBAC 3.29 0.25 1.00 0.88 5.80 11.22   0.2932 0.0223 0.0891 0.0784 0.5169 
35 DABCE 7.62 0.59 1.30 0.41 1.00 10.92   0.6978 0.0540 0.1190 0.0375 0.0916 
36 DCEAB 7.62 1.00 1.30 2.14 0.63 12.69   0.6005 0.0788 0.1024 0.1686 0.0496 
37 DBCEA 1.00 0.59 1.29 2.68 0.63 6.19   0.1616 0.0953 0.2084 0.4330 0.1018 
38 DBCAE 2.28 0.59 0.37 2.68 1.00 6.92   0.3295 0.0853 0.0535 0.3873 0.1445 
39 DABEC 7.62 1.00 1.00 0.40 2.69 12.71   0.5995 0.0787 0.0787 0.0315 0.2116 
40 DCAEB 2.28 1.00 0.37 2.13 5.80 11.58   0.1969 0.0864 0.0320 0.1839 0.5009 
41 EBCDA 1.00 0.59 2.65 0.40 5.80 10.44   0.0958 0.0565 0.2538 0.0383 0.5556 
42 EBCAD 7.72 0.59 0.38 1.00 5.80 15.49   0.4984 0.0381 0.0245 0.0646 0.3744 
43 EBDAC 3.79 1.20 1.00 0.41 5.80 12.20   0.3107 0.0984 0.0820 0.0336 0.4754 
44 EDCBA 1.00 0.25 2.08 2.14 5.20 10.67   0.0937 0.0234 0.1949 0.2006 0.4873 
45 EACBD 3.78 1.20 2.08 1.00 0.63 8.69   0.4350 0.1381 0.2394 0.1151 0.0725 
46 EADCB 7.72 1.00 2.08 2.13 0.63 13.56   0.5693 0.0737 0.1534 0.1571 0.0465 
47 ECBDA 1.00 1.20 2.08 0.40 2.69 7.37   0.1357 0.1628 0.2822 0.0543 0.3650 
48 EADBC 7.72 0.59 1.00 2.68 0.63 12.62   0.6117 0.0468 0.0792 0.2124 0.0499 
49 EBACD 3.79 0.25 2.66 1.00 5.80 13.50   0.2807 0.0185 0.1970 0.0741 0.4296 
50 ECDBA 1.00 0.24 2.65 2.68 2.69 9.26   0.1080 0.0259 0.2862 0.2894 0.2905 
              Mean 0.37297 0.07973 0.14981 0.13316 0.26433 



















	 I	 am	 a	 PhD	 candidate	 in	 the	 Department	 of	 Engineering	 and	 Technology	
Management	 at	 Portland	 State	 University.	 The	 topic	 of	my	 research	 is	 technology	


































































































	 Thank	 you	 for	 accepting	 to	 participate	 in	my	 research	 as	 a	 subject	matter	
expert.	
	 The	first	level	of	the	model	has	been	validated	(the	perspectives).	At	this	point,	
I	 ask	 you	 to	 help	 me	 validate	 the	 factors	 that	 contribute	 to	 technology	 transfer	























Welcome expert! Thank you very much for participating, I really value your input, as well as you time and 
attention. 
 
Next you will be prompted to validate some of the factors in my model. 
 
















The objective of the research is to develop a technology transfer score, aiming to help organizations in 
measuring and enhancing their technology transfer capabilities, ultimately leading to better R&D 
performance. The methodology is Action Research followed by Hierarchical Decision Modeling (HDM).  
Below is a picture of the Organizational factors within the model. 
 
Below is a picture of the model. At this point you will be validating the "HR and Stakeholders" factors 

























	 After	 several	 rounds	 of	 data	 collection,	 the	 model	 to	 determine	 the	




	 The	 constant-sum	method	will	 be	 used	 for	 pairwise	 comparisons	 between	
perspectives	to	determine	the	importance	weight	of	each	perspective.	

















































organizations	 in	 measuring	 and	 enhancing	 their	 technology	 transfer	 capabilities,	


















• Items	 will	 be	 compared	 against	 each	 other,	 in	 pairs.	 Assign	 the	 points	
according	to	your	opinion.	
• The	assignment	of	points	should	reflect	the	importance	of	each	item.	Example:	




















	 After	 several	 rounds	 of	 data	 collection,	 the	 model	 to	 determine	 the	
organizational	 technology	 transfer	 score	has	been	validated.	The	perspectives	and	
factors	in	the	model	were	approved	by	at	least	75%	of	the	experts.	
	 I	 now	 ask	 you	 to	 quantify	 the	 relative	 importance	 of	 factors	 under	 each	
perspective.	 The	 constant-sum	 method	 will	 be	 used	 for	 pair-wise	 comparisons	
between	factors	to	determine	the	importance	weight	of	each	factor.	







link.	 I	 would	 appreciate	 if	 you	 fill	 out	 the	 survey	 instrument	 at	 your	 earliest	
convenience.	Subsequent	steps	will	be	sent	later	in	other	emails.	
	 Please	find	attached	documents	with	further	information.	
	 If	you	have	any	questions	or	comments,	please	contact	me.	
	
Thank	you,	
	
	
Joao	Ricardo	Lavoie	-	PhD	Student	
Department	of	Engineering	and	Technology	Management	
Portland	State	University	
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APPENDIX	I	–	RESEARCH	INSTRUMENT	4	(RI4)	–	FACTORS	QUANTIFICATION	
INSTRUMENT	(SAMPLE)	
	
Welcome	expert!	Thank	you	very	much	for	participating,	I	really	value	your	input,	as	
well	as	you	time	and	attention.	
	
Next	you	will	be	prompted	to	quantify	some	of	the	model's	factors,	related	to	HR	
and	Stakeholders	-	following	is	a	picture	of	the	validated	model.	
	
If	you	have	any	questions,	please	check	the	material	sent	to	you	via	email	and	feel	
free	to	contact	me	at	any	time.	
	
	
	
	
	
	
	
Please	enter	your	name	
test	
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Please	enter	your	sector,	e.g.,	academia,	energy,	research	center,	construction,	
manufacturing,	etc.	
test	
	
Please	enter	the	name	of	your	organization	
test	
	
Please	enter	your	title/position,	e.g.,	Professor,	Project	Manager,	Director,	Vice-
president,	etc.	
test	
	
Please	enter	the	country	where	you	live	(optional)	
test	
	
The	objective	of	the	research	is	to	develop	a	technology	transfer	score,	aiming	to	help	
organizations	in	measuring	and	enhancing	their	technology	transfer	capabilities,	
ultimately	leading	to	better	R&D	performance.	The	methodology	is	Action	Research	
followed	by	Hierarchical	Decision	Modeling	(HDM).		
	
Below	is	a	picture	of	the	model	-	the	highlighted	section	is	the	one	to	be	quantified.	
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Below	is	a	brief	description	of	each	factor:	
	
	
	
You	will	quantify	the	importance	of	each	factor	through	pairwise	comparisons.	
Please	read	the	instructions	below:	
		
• Items	will	be	compared	against	each	other,	in	pairs.	Assign	the	points	
according	to	your	opinion.	
• The	assignment	of	points	should	reflect	the	importance	of	each	item.	
Example:	if	A	is	3x	more	important	than	B,	A	should	receive	75	points	and	B	
should	receive	25	points.	
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• Note	that	for	each	pairwise	comparison,	the	total	of	points	assigned	must	be	
100.		
• Please	try	to	be	logically	consistent	in	your	choices,	i.e.,	if	A	is	better	than	B,	
and	B	is	better	than	C,	A	must	be	better	than	C.		
• Furthermore,	if	A	is	2x	better	than	B,	and	B	is	3x	better	than	C,	A	must	be	6x	
better	than	C.	
	
	
	
Please	judge	the	importance	of	the	following	factors	dividing	100	points	between	
them.	Drag	the	bars	below	assigning	more	points	to	the	one	you	deem	more	
important.	
	
	
	
	
